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EXECUTI VE SUMMARY

Except for sonme very early developnents in China - the 'South
Pointing Carriage' around 200 A D. and the magnetic conpass
1000 years later - and a brief flurry of activity during the
early days of the autonobile and again during Wrld War 11
there were few advances in land navigation until the late
1960s. At that time, several concepts for providing electro-
nic route guidance were devel oped; however, these systens did
not progress beyond experinental stage because the required
technol ogy was still too expensive and unreliable for w de-
spread application.

Recent advances in mcro-electronics, however, have hel ped
generate renewed interest in vehicle positioning, navigation
and route guidance systenms. The fact that these systens, if
adapted to traffic and fleet nanagenent, could help alleviate
urban traffic congestion and increase the efficiency of
transporting goods and providing other services, has added a
sense of urgency to their devel opnent.

This report contains a state-of-the-art review of those no-
bile information systens which can display vehicle position
relative to a map data base and which facilitate or perform
navi gati on and route guidance functions. In-vehicle naviga-
tion and communications technol ogies, conponents of represen-
tative systenms and nmethods of digitizing and storing nmap data
are described. Thirty-nine nobile systens, denonstrated or
announced in the 1980s, are classified by their infrastruc-
ture relationship, navigation technique and available func-
tions, map format and storage, output/input methods and po-
tential applications.

It is too early to predict which technol ogies and types of
systens will eventually gain w despread acceptance: autono-
nous dead-reckoning supplenmented with map matching, or navi-
gation systens based on proximty devices, ground-based radio
signals or satellites. Perhaps in realization of the present
shortcom ngs of each of these systens, nmany system concepts



incorporate two, even three, positioning technol ogies.

Human factors considerations are presented from the perspec-
tive of the 'human information processor', which is highly
susceptible to error when overloaded. It is enphasized how
l[imted we are in our ability to acquire and process externa
visual information (needed for primary driving tasks) while
attenpting to perform in-vehicle tasks, such as reading a CRT
map display. A design guide for in-vehicle electronic dis-

pl ays and controls specifies the primary factors to be consi-
dered: ergonom c principles and manner of installation, in-
formati on types and content, presentation nethod and node,

di splay technology and controls, available support nodules,
and the intended application for the system

A typical man-nmachine interface today includes synbolic gra-
phics, al phanuneric messages and audi o signals. However

there are still major differences in visual presentation of
map information: sinplified displays (skeleton maps or direc-
tional arrows) are preferred in Europe: a vectorized nmap on a
nonochrome CRT is offered in the U S.: and, elaborate col our
CRT map displays are popular in Japan.

Safety-in-use will have to be the primary consideration in
t he devel opnent of nobile information systenms, and much work
is yet to be done on the design, installation and use of

t hese systens. Research should be undertaken to determ ne the
amount of information that may be safely presented to the
driver when the vehicle is in notion - depending on whether
the driver is in a famliar or unfamliar area, what the road
and traffic conditions are, etc. Sound research is essential
to ensure that these devices will enhance, rather than de-
grade, the overall safety of the driver/vehicle system

A perspective on potential nmarkets for nobile informtion
systens includes the identification of their |ikely applica-
tion areas, the expected benefits and the means of achieving
t hese benefits. The primary functions likely to be provided
in future sophisticated systens - eg. road map display, in-
formation on travel conditions and road side services,
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vehicle and cargo position tracking and security, route gui-
dance, energency response, etc - and their specific features
have been grouped under five application areas: travel advi-
sory, fleet management. traffic management, mobile office,
occupant activities and vehicle/driver monitoring and con-
trol. The interrel ationships of the conponents (nodules) of a
sophi sticated future nobile information system are presented
in a functional block diagram

Interviews of representatives of likely direct and indirect
user communities determ ned that the current know edge about
nobile systens is very limted and that many barriers to
their speedy adoption still exist. However, the enthusiasm of
the potential users about the range of future system capabi-
lities was alnost uniform and provides an inportant further
perspective on future market needs.

A prelimnary list of possible Canadian devel opers and sup-
pliers of hardware and software for nobile information sys-
tems and their conponents is presented. For the Canadi an
autonotive and electronics industries and universities, only
a small w ndow of opportunity remains. They will have to get
into the vehicle navigation/information systens field in a
serious way now, or the Japanese, Europeans and Anmericans
will surely take over the design, production and narketing of
t hese systenms. Any conplacency on the part of Canadians will
result in forgoing some unique industrial devel opnent and
mar keting opportunities.

Because of recent devel opnents in mcro-electronics, produc-
tion cost seems to be the only limting factor on the capabi-
lities that can be incorporated into the navigation units.
Further advances expected in the short termin data storage
and particularly display technol ogies, such as high-speed
graphi cs processors and heads-up displays, wll make very
sophi sticated systems both technically and comercially fea-
si bl e.

Care mnmust be taken in assenbling these hardware conponents
into a safe-to-use, cost-effective package which, in all
l'i kelihood, will have to incorporate many functions currently



offered in, or planned for, the advanced vehicle control sys-
tems. An equally great challenge will be to develop applica-
tions software that nmakes the w de range of functions and
features - required in order for these systens to be w dely
adopted - easy and safe to use.

Maj or international and national prograns designed to accele-
rate the devel opnment of in-vehicle navigation/information
systens have been established in Europe and Japan. In both
cases, governnent agencies have assunmed lead roles in finan-
cing and coordinating the co-operative prograns together wth
the autonotive and electronics industries and the university
research comunities. The United States, which had initiated
the research into electronic driver aid and route guidance
systens already in the 1960s (and then halted it), is begin-
ning to follow suit through denonstration prograns at both
national and state |evels.

This is in strict contrast to Canada, where no formal natio-
nal strategy for advancing the research, devel opnent, denon-
stration, manufacturing and adaptation of nobile information
systens technol ogy has yet been fornulated. There are many
areas, beyond sinple information dissem nation, where the
participation of governnment agencies would be highly conple-
mentary to private sector research and devel opnent initia-
tives.

To ensure that adequate standards and regulations are set in
advance of the devel opnent and inplenentation of these sys-

tems, governnent's early action will be of critical inportan-
ce. Preferred practises, wuniform design criteria and officia
standards will need to be developed to cover on-board, road-

side and central control equipment specifications, map data
bases and their access software, as well as sonme common el e-
ments of applications software.

The report brings forth many of the primary issues in the de-
vel opnent of standards and regulations and includes a detail-
ed section on map standards and human factors. Prelimnary
man- machi ne interface design guidelines are recomended to



ensure safety-in-use of the in-vehicle positioning/naviga-
tion/route guidance/information/conmunications devices.

There are many unanswered questions which require research
devel opment and denonstration work in the Canadian context.
The report identifies seven priority projects that would sig-
nificantly accelerate the design, testing and manufacturing
of Canadi an systens and would help identify opportunities for
the increased use of these technologies. These are sumari zed
with their primary objectives, as follows:

Highway Vehicle Electronics Project -to compl ete

the state-of-the-art review for highway vehicle electronic

t echnol ogi es not covered under in-vehicle navigation and
route guidance systens (focus of Phase [& 1 of this project).

Demonstration Project - to gather operational experi-
ence with an in-vehicle navigation/nobile conmunication sys-
temin a netropolitan operating environnment.

Human Factors Studies - to investigate all critical
man- machine interface issues related to the design, installa-
tion and use of nobile information systenms to ensure that

t hese devices will enhance, rather than degrade, the overal
safety of the driver/vehicle system

Market Survey - to undertake a mail and tel ephone survey
of associations, and sone of their promnent nenbers, repre-
senting potential users of nobile information systens: and to
undertake personal interviews of a small group of individua
users.

Supplier Survey - to undertake a nmail and tel ephone sur-
vey of current and potential Canadian suppliers of nobile in-
formati on systens hardware and software conponents.

Information Dissemination Project- t o informpo-
tential users, suppliers and regulators of nobile infornmation
systens about the state-of-the-art of energing technol ogies
and of possible applications to which these systens nmay be
adapt ed.

X



National Strategy Project- to develop a formal
nati onal strategy for advancing research, devel opnent,
denonstration, manufacturing and application of nobile
information systens in Canada.

Future nobile information systens will provide - in addition
to positioning, navigation and route guidance - many capabi -
[ities which together will provide significant benefits to

notorists. However, from the present Canadi an perspective of
trying to exploit promsing industrial opportunities, sone
fundanental decisions wll have to be made quickly if Cana-
dians are to participate in a nmeaningful way in devel oping,
desi gning and manufacturing these systens and in identifying
opportunities for their increased use.
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1. | NTRODUCTI ON

1.1 MOBILE | NFORMATI ON SYSTEMS

1.1.1 Background

New i n-vehicle technol ogies are energing which will have a
significant, but as yet unexplored inpact on road transpor-
tation in Canada - particularly within |arge urban centres,
but also in the inter-city transportation sector. Wthin the
1990-2000 time frame, self-contained and other autonobile

navi gati on systens will becone w dely available, at reason-
able cost to ordinary autonobiles as well as to truck and bus
fleets. These systens, nobst of which will use a map data base
stored in an on-board mcro-conputer, will provide the capa-

bility for in-vehicle route guidance.

In response to the demand for two-way data communications for
the so-called "nobile office" - a nunber of radio systens,
including data cellular, wll appear in the sanme tine-frane
to conpete in this market. These technol ogies, in conbina-
tion, present significant opportunities for dynamc route

gui dance, interactive traffic managenent and vehicle |ocation
nmoni toring which are bound to have far-reaching inpacts in
many person and goods transportation areas.

1.1.2 Definition of MI.S.

Mobile information systens are usually considered to include
all those in-vehicle systens that provide one or nore of the
followng primary functions:

*

positioning, self-contained navigation and inter-active
route gui dance (on-board or renvote)

vehicle/driver/cargo nonitoring, control and collision
avoi dance

data and text managenent: retrieval, display and mani-
pul ati on

mobi | e conmuni cations: receiving and transmtting of
voi ce and dat a.



The focus during Phase I & Il has been on those on-board de-
vices which c andisplay the vehicle”s position (relative to a
map base) in some form within the vehicle itself, and facili-
tate or perform on-board navigation and route guidance

1.2 PROJECT PURPOSE

The objectives for the "Mbile Information Systens | npact
Study" are to:

Phase |

* formulate a framework for describing nobile information
and in-vehicle guidance systens: goals, objectives and
cl assifications

* review the status of technologies currently commercially
avai l abl e or under active devel opnent

outline human factors issues and requirenents.

Phase |1

* identify probable applications for each of the primary
t echnol ogi es

specul ate on narket penetrations

suggest roles for federal, provincial and nunicipal go-
vernments, vis-a-vis:

- regul ations & standards

- research, devel opnent and denonstrations.



1.3 HISTORI CAL BACKGROUND FOR MOBILE SYSTEMS

1.3.1 Context

Navi gation is an applied science that uses a variety of tech-
ni ques and procedures to determ ne present position, heading
and/or direction and distance to a destination. For centu-
ries, navigation (of ships at sea) centered on the use of ce-
| estial observations and conpass readings to fix the position
and set the course. Autonobile navigation has traditionally
been acconplished by reference to external road signs and

| andmarks while travelling over routes constrained (unlike
sea, air and space navigation) to finite networks of streets
and roads. Conmonly used in-vehicle aids for autonobile navi-
gation have been essentially limted to road naps, the odone-
ter, and an occasional magnetic conpass. Except for a brief
period of activity starting around 1910, autonobile naviga-
tion had received little attention conpared to sea, air and
space navigation prior to the recent flurry of engineering
projects, concept car show ngs and nedia reports.

1.3.2 Ancient Oigins

Odomet er is the only navigation aid universally installed
in automobiles, and it appears as an elenent of virtually
every high-technol ogy navigation system Hero of Al exandria
and Vitruvius authored the first western descriptions of odo-
neter approximately 2000 years ago (Ref 1), and it started
appearing in the Chinese literature during the Later Han Dy-
nasty (25-220 A.D.). Technology historians claim the odoneter
to be the earliest exanple of gear-train driven jack-work

(Ref 2).

Modern odoneters, with nuneral -faced cylinders for indicating
di stance travelled in tenths, units, tens, hundreds, etc.

| ook nothing like their early ancestors. One of Hero's nodels
recorded distance by periodically dropping stones into recep-
ticals. An ancient Chinese odometer known as the "drum carri-
age" operated two automatons. One figure struck a drum at the



end of every |i (about 0.5 km and the second figure rang a
bell at the end of every ten |li (Ref 2).

South Pointing Carriage is the earliest known exam
ple of a land vehicle navigation system This direction-keep-
ing device is a Chinese invention dating back to 200-300
A.D., possibly earlier. Chinese literature confused the

sout h-pointing carriage wth the nagnetic conpass (invented
al nrost 1000 years later) so thoroughly that historical re-
search has only recently established that the south-pointing
carriage had nothing to do with magnetism (Ref 3). Instead,

it was based on the principle (now called "the differentia
odoneter") that for a given change in vehicle heading, a ve-
hicle's outer wheels travel a mathematically-predictable dis-
tance farther than the inner wheels. Wen changi ng heading, a
gear train driven by a south-pointing carriage's outer wheel
automatically engaged and rotated a horizontal turntable to
exactly offset the change in heading. Thus a figure with an
outstretched arm nounted on the turntable always pointed in
the original direction regardless of which way the carriage

t ur ned.

Col orful legends tell of south-pointing carriages guiding

i nportant em ssaries across China's broad plains, and |eading
warriors through battlefield snoke screens. But there are
guestions about its practical accuracy. Indeed, tests of the
differential odoneter as the sole basis for a nechanical dead
reckoning system indicated heading errors averagi ng approxi -
mately 20 degrees per mle of travel (Ref 4).

Magnetic Compass was described in the Chinese litera-
ture in the 11th century A D., a century earlier than the
first European nmention (Ref 3). The earliest conpasses were
magneti zed needles floated on a liquid surface and woul d not
have been suited for use aboard |and vehicles of the tine.

I ndeed, cursory review of the literature reveals no close
association with land vehicles prior to the autonobile.

1.3.3 Early Mechanical Systens

The first wave of vehicular navigation devices appeared wth'
the introduction of mass-produced autonobiles early this cen-



tury. A cursory search of U S. patent files reveals that
dozens of devices for autonobile route gui dance were patented
between 1910 and 1920. Several of these early devices were

di scussed in the annual "autonobile" issue of Scientific Ane-
rican in 1911 (Ref 5):

"Al'l tourists by autonobile know the difficulties and
annoyances of finding and keeping on the best routes to
their objective. ..It has been the object of a number of
inventors. ..to overcone these difficulties and sinplify
t he unwel cone task of finding the route by producing
mechani cal devices for attachment to the car that would
serve to guide the notorist unerringly over any chosen
route... Three such instrunents have been perfected and
put in the market."

Virtually all of the automatic route guides for autonobiles
that appeared early this century were nechanical devices dri-
ven by an odoneter shaft. In fact, the odonmeter itself is a
navi gati on device because it may be used in conjunction wth
road signs or maps to estimate present position. The autonma-
tic route guides, however, went a step further to provide
specific instructions at decision points along the way - an
approach that is now reappearing in sonme high-tech systens.

Jones Live-Map was one of the earliest, and apparently
one of the nost popular, mnechanical route guides (Ref 5). It
was invented in approximately 1909 by J. W Jones who was

al so the inventor of the disk phonograph which bears certain
resenbl ance to the Live-Mp.

The Jones-Live Map consisted of a turntable driven slowy by
a gear train connected by flexible shaft to one of the vehic-
| e wheels. Paper disks for individual routes had a scale of
mles printed around their perineter, and were nounted on the
turntable beneath a glass cover with a fixed pointer. Printed
road directions keyed to specific distances from the begin-
ning of a route cane into view under the pointer at the tine
for execution. An advertisenent for the Jones Live-Map claim
ed "You take all the puzzling corners and forks with never a
pause. You never stop to inquire...."

A glance at the Jones Live-Map would show the driver how many
mles had been travelled since starting a journey and how



many miles remained to be travelled, in addition to the exact
| ocation along the route. Wen nmaking a side trip or detour
fromthe charted route, it was necessary to reset the pointer
(simlar to setting a watch) to the proper place upon return-
ing to the original route.

Chadwi ck Road Guide was introduced in 1910 by Lee
Sher man Chadwi ck, an American engi neer (Ref 6). Like the

Li ve-Map, the Chadw ck device revolved a calibrated disk in
synchroni zation with distance travelled. However, the disk
was of metal and contained punched holes spaced to coincide
Wi th decision points along the route represented by the disk

An array of spring-loaded pins behind the slowy rotating

di sk were normally depressed, but when a punched hol e came
over a pin, the pin released and activated a signal arm which
appeared behind the w ndow bearing a col or-coded synbol indi-
cating the action to be taken. Simultaneously, a bell would
sound to draw the driver's attention to the signal. Moreover
beneath a pointer the same disk gave printed information re-
garding the location or the action to be taken

The Chadwi ck road guide was the nost highly automated device
of its type, and sold for $75 which is equivalent to roughly
$1000 in today's U S. dollars, thus approaching the price of
the Etak Navi gator™ a high-technol ogy autonpbile navigation
system now on the market in the United States.

Rhodes Route Indicator, an odoneter-like device whose
cylinders were printed with directional signals as well as
nunerals, was another early automated route guide and was pa-
tented by Rhodes in 1911 (Ref 7). Wereas the above devices
required a specially printed paper disk or punched netal disk
for each route, Rhodes' "Route Indicator" was progranmabl e.
Followng a key given in a master route book, alternating cy-
linders printed with direction signals and nunerals were ini-
tialized and positioned in such a way that the proper route

i nstruction (eg: 'strai ght ahead, 4.9 ‘right, 1.7 "left,
3.5" etc.) would automatically appear under a sliding index
as a bell sounded to alert the driver.

O her early devices included strip maps that advanced wth
di stance travelled. An exanple is the route-indicator patent-
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ed by Lindenthaler in 1909 in which directions and distances
printed on a ribbon canme in view as each turn was approached
(Ref 8).

VEPOL, an experinmental dead-reckoning system for determ n-
ing and displaying vehicle heading and X Y coordi nates, was
perhaps the last purely nmechanical vehicular navigation de-
vice developed in the United States (Ref 4). VEPOL was based
upon two odoneters, one driven by a left wheel and one driven
by a right wheel. A nechanical conputer derived vehicle head-
ing and resolved distance travelled into X Y conponents based
on the differential odometer principle, ie: during a turn the
outer wheel of a vehicle of certain width will travel further
than the inner wheel by an anount which is related to change
i n headi ng.

VEPOL's accuracy was insufficient for its intended applica-
tion as the on-board conmponent of an automated vehicle |oca-
tion system for use by police and other central dispatch of-
fices. However, it did reintroduce the concept of the diffe-
rential odometer which was originally used in the south

poi nting carriage.

1.3.4 Early Electronic Systens

The need for route guidance devices apparently dimnished as
t he expandi ng roadway system becane better marked with stan-
dardi zed signs, and as reliable road maps and gui de books be-
cane available. Wth the advent of electrical servonmecha-
nisnms, electronic controls and finally, the digital conputer
nmechani cal approaches to autonobile navigation and route gui-
dance faded into the background. Two systens from the transi-
tional period from Wrld War Il through the 1970s are descri -
bed in the follow ng.

Vehi cul ar Odograph, developed for mlitary vehicles
during World Var Il by the U S Arny Corps of Engineers, was
one of the earliest |land vehicle navigation systens to incor-
porate electronic elenments (Ref 9). The mmjor conponents of

t he vehi cul ar odograph include a magnetic conpass which was
read by a light beam and photocell arrangenent. The conpass
out put drove a servonechanism to rotate a nechanical shaft



corresponding to vehicle heading. The conpass shaft was coup-
led to a nechanical conputer in the plotting unit which re-
solved travel distance from an odoneter shaft into X, Y conpo-
nents, and drove a stylus to automatically plot the vehicle's
course on a map of corresponding scale.

The vehicul ar odograph's conpass was surrounded by pernanent
magnets and pieces of soft iron whose |ocations and orienta-
tions could be adjusted to offset magnetic field perturba-
tions caused by the vehicle in which it was installed. The
vehi cul ar odograph, which exhibited a w de range of accuracy
dependi ng upon terrain, vehicle jolting, operator skills,
etc., typically accunulated | km of error for each 50-150km
driven (Ref 10).

Land-Vehicle System - a 1965 publication describes a
Canadian mlitary l|and-vehicle system also providing conti-
nuous dead reckoning of position based on m|eage and conpass
course (Ref 11). Mechanical inputs from an odoneter cable and
a conpass-driven servonmechani sm were continuously resolved by
a ball resolver into the rectangul ar conponents of distance
travell ed. The rotation of one output shaft corresponded to
di stance travelled east or west and that of a second out put
shaft corresponded to north or south. The output shafts con-
nected to electrical pulsing systenms which drove heading and
position indicators and a plotter. An illuminated cursor
shaped to show heading as well as position was projected on

t he underside of a map.

A historical summary of vehicle navigation devel opnents is
presented in Exhibit 1.



EXHBIT 1

VEHICL E NAVIGATIONDEVELOPMENTS

DATE

< 60 AD

200 - 300

1100 - 1200

1906

1910

1940

1964

1966

1971

TECHNOLOGY
Odometer

Differential Odometer
Magnetic Compass
Gyrocompass
Programmed Routes
Loran Positioning
Satellite Positioning
Proximity Beacon

Map Matching



2. STATE- OF- THE- ART REVI EW

The effectiveness of navigation technology is traditionally
rated in terms of positioning accuracy. Effective autonobile
navi gation requires that position be determined with suffi-
cient accuracy to identify the street or road being travelled
and to delineate anong closely-spaced intersections. This
generally nmeans that vehicle position nust be determned to
within a small fraction of a block. A typical block is 200
nmetres (660 ft) | ong.

| mprovenents in accuracy achieved in recent decades with mul-
ti purpose radio-location technologies, as reported by Luse
and Malla (Ref 12), are presented in Exhibit 2. Al though not
strictly conparable because their accuracies are expressed
relative to digitized maps (rather than absolute |ocation),

t he accuracies of map-matching systens reported by French &
Lang (Ref 13) and by Honey & Zavoli (Ref 14) are included. It
is also useful to note that, in ARCS, the digitized map data
was captured by driving over the intended routes. Wile each
of the values plotted in Exhibit 2 is subject to qualifica-
tions (eg: the Loran-C accuracy is fromwhen it was first in-
troduced in the 1960s; better accuracy can be obtained to-
day), the trend clearly indicates that we are entering an era
in which vehicle location can be pinpointed to individua
streets and intersections.

2.1 NAVI GATI ON TECHNI QUES

The wi de range of systens approaches for autonobile naviga-
tion which have appeared throughout the world during the
1980s defies precise categorization. However, it is conve-
nient to use the classifications characterized in Exhibit 3
for discussing contenporary system concepts (Ref 15).

Several navigation systens for autonobiles based solely upon
dead-reckoni ng have been developed in other countries during
recent years. However, in the United States dead-reckoning
appears only as sub-systens in satellite-positioning and map-
mat ching systens. Neither has any further work, except for

10



EXHIBIT 2

IMPROVEMENTS IN POSITION ACCURACY
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Notes: Indicated accuracy does not necessarily relate to srea covered in the same way for each navi-
gation technique — ie. the signal losses (position failure} due to tall buitdings, electrical
transformers, thick foliage etc would be different for each of the systems.

ARCS: Digital mapping was assembled by driving over delivery routes in data acquisition mode,
in order to obtain sufficient accuracy far specific addresses; further calibration runs over
the entire route were used to refine the algarithms for the differential odometer. (ordinari-
Ly, as for Etak, network data is independently entered from mapping sources, and ne pre-runs
gver any routes are undertaken].

Navster GPS: The indicated accuracy assumes use of the [military only] P-code, or use of dif-
ferential GPS [referencing to known base stations).

Source: Ref 14a
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EXHBIT 3

NAVI GATI ON  TECHNI QUES

TECHNIQUE

DEAD RECKONING

PROXIMITY BEACON

GROUND-BASED RADIO

- Loran-C

- Cellular

SATELLITE

MAP MATCHING

TYPICAL CHARACTERISTICS

Law vehicular expense
Autonomous operation
Accuracy degrades with travel

Requires manual position updates

Low to moderate vehicular expense
Requires costly roadway equipment

Dead reckoning [or visual trackingl between beacons

Moderate vehicular expense [+possible signal charge3
Requires more base stations [for national coveragel

Signal sensitive to electromagnetic interference

Moderate/high vehicular exp. [transmission chargel

Low accuracy without roadside trensponder [or dead
reckoning] backup

Exceptional voice&data communications capabilities

High vehicular expense [ + possible signal chargel
Requires satellite service
High accuracy when reception good

Dead reckoning backup required

Moderate vehicular expense

Requires extensive map data base

High accuracy when map correct and detailed
Corrects vehicle’s position on map

Can only be used in conjunction with other techni-
gues [eg. dead reckoning] to determine vehicle posi-
tion relative to map.
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limted design concept studies, been perfornmed in the U S. on
proxi mty-beacon systens since the cancellation of the ERGS
project in 1970.

M croprocessor-based inprovenents in Loran-C hyperbolic ra-

di o-positioning receivers and the schedul ed conpletion of

m d- continent coverage suggest the possibility of Loran-C
subsystens for autonobile navigation. However, for the no-
ment, navigation system devel opnents in the United States ap-
pear to be confined to satellite positioning and map-nmatching
augnment ed dead-reckoni ng approaches.

2.1.1 Dead Reckoning

Dead reckoning is the process of determining a vehicle' s |o-

cation and heading relative to an initial position by integ-

rating neasured increnents and directions of travel. The net-
hod and equations are presented, in an x-y coordinate system
in Exhibit 4.

Most dead-reckoning technol ogies used in autonobile naviga-
tion systens were devel oped long before the autonobile it-
self. These include the odoneter, the differential odoneter
and the magnetic conpass. The gyroconpass, devel oped in 1906,
has seen only |limted usage in autonobile systens. Inertia
systens are presently expensive and ill-suited for the harsh
aut onotive environment.

Dead reckoning accuracy is difficult to quantify because it
continuously decreases with tinme and/or distance. Even the
nost preci se dead reckoning navigation systens require perio-
dic reinitialization.

Odomet er Conventional mechanical odoneters for autonobi-
les are usually driven by flexible shafts attached to the
drive train, and display distances to the nearest 0.1 mle.
El ectroni c odoneters, which can neasure travel increnments
smal l er than one inch, are often used in autonobile naviga-
tion systens. These provide sensor signals from a rotating
shaft or wheel and apply a conversion factor to obtain dis-
tance travell ed.
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Differential Odometer A differential odometer is es-
sentially a pair of odometers, one each for wheels paired on
opposite sides of the vehicle. As illustrated in Exhibit 5,
when the vehicle changes heading, outer wheels travel further
than inner wheels by an amount (aD) that is equal to the pro-
duct of the change in heading (A ) and the vehicle's width
(W) : '
AD = W X A (3)

EXHIBIT 5

DIFFERENTIAL ODOMETER PARAMETERS

Source: Ref 15a

Thus, by measuring the differential travel of opposite
wheels, a vehicle's path and heading relative to its starting
point may be computed using algorithms based on Equation 3.

The differential odometer was tested as a basis for vehicle
location monitoring by Meyer (Ref 4). He used the odometer
and a mechanical dead-reckoning computer to keep track of ve-
hicle coordinates and heading. Test results indicated heading
errors averaging approximately 20 degrees per mile of travel.
Couple of years later, French & Lang (Ref 13) developed and
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tested an electronic version of the differential odoneter in
an automatic route gui dance system which included a map-
matching algorithm to maintain nuch higher accuracy.

Magnetic Compass The magnetic conpass's well-known ac-
curacy problens due to anomalies in the earth's magnetic
field become nore severe when installed in an autonobile be-
cause of induced fields depending upon vehicle heading. In
addition, an autonobile may have a permanent magnetic field
of its own, and sub-pernmanent nagnetism nmay be acquired or

| ost when hitting bunps.

Nonet hel ess, nagnetic conpasses have |ong been used as head-
ing indicators for autonobiles, and nodern versions of the
conpass are now frequently used as a conponent in integrated
navi gation systens for autonobiles. Wereas the conpass first
appeared around the 11th century in the form of a magnetic
needle floated on a liquid surface, current versions include
conpact solid state fluxgate conpasses with software al go-
rithns for conpensating errors due to both permanent and in-
duced nmagnetism of the vehicle.

Gyrocompass The gyroconpass, which was patented in Cer-
many in 1906 by Auschutz-Kanpfe, uses the gyroscopic inertia
principle to maintain a constant reference alignment in
space. One of the few exanples of gyroconpass being incorpo-
rated in an autonobile navigation systemis the Lunar Roving
Vehi cl e used on the nobon where a magnetic conpass woul d be
usel ess. The LRV, driven on the noon's surface during Apollo
M ssions 15, 16 and 17, had a dead reckoning navigation sys-
tem which continuously neasured direction and distance tra-
velled, and periodically calculated vehicle position. Using
gyroconpass reference heading and magnetic odoneter inputs,
the system could return the astronauts to within about 90
metres of their origin after a 32 km journey (Ref 16).

2.1.2 Proximty Device
System Concept This approach uses strategically |ocated

short-range transmitters, and the very reception of their |o-
cation-coded signals infers the receiving vehicle's instanta-

neous |ocation. The wi dest application of proximty technolo-
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gy is for automatic vehicle location (AW) nonitoring systens
such as those used for nonitoring the |ocation and status of
transit buses from a central dispatch office (Ref 17). An on-
board system receives and stores a |ocation code as the ve-
hicle passes a proximty beacon or "electronic signpost".

Upon periodic polling, the last device |location and the dis-
tance or tinme since passing the device are automatically ra-
dioed to the dispatch conputer

System Variations Several variations of the proximty
approach, sone involving two-way comunications wth equi pped
vehi cl es, have been investigated for interactive route gui-
dance (Ref 18). Typically, the driver enters a destination
code on the vehicle panel for automatic transmission to a
roadsi de unit as the vehicle approaches instrunmented inter-
sections. The roadside unit, which may operate autononously,
or be networked with a traffic managenent system analyzes
the destination code and instantly transmts route instruct-
ions to the vehicle. Alternatively, the roadside unit my
only transmt its location to the vehicle where an on-board
conmputer, wusing stored road network data, will generate in-
structions for continuing the route fromthe identified |oca-
tion.

DAIR (Driver Aided Information and Routing System) - proxi-
mty beacon navigation was researched in the United States
starting with DAIR in md-1960's. DAIR, which used roadbed
arrays of magnets arranged in binary code to comunicate | o-
cation to passing vehicles, was the subject of limted deve-
| opmrent and testing by General Mdtors (Ref 19).

ERGS (Electronic Route Cuidance System) is a proximty-
device type vehicle navigation system that was researched by
the U S. Federal H ghway Adm nistration during the late 1960s
as a neans of controlling and distributing the flow of
traffic (Ref 20).

Wth the ERGS concept, equipped vehicles were to interact via
two-way comrunications with roadside units to obtain traffic-
responsive routing instructions at decision points in the
road network. An in-vehicle console wth thunbwheel swtches
permts the driver to enter a selected destination code. The

17



code is transmtted when triggered by a roadside unit as app-
roaching key intersections. The roadside unit inmediately
anal yzes routing to the destination and transmts instruc-
tions for display on the vehicle's console. (For a system
diagram see Exhibit 6a.1

Al though technically sound, ERGS required expensive roadside
infrastructure, and the developnment effort was term nated by
Congressional mandate in 1970 followng limted testing of
various equi pnent nodul es. However, simlar approaches have
been carried through further stages of devel op-nent and test-
ing and are still under active consideration in England,
Japan and West Germany.

CACS (Conprehensive Autonobile Traffic Control System was
the subject of studies and experiments pursued for six years
starting in 1973, and provided the earliest denonstration of
true route guidance equipnment in Japan in the late 1970's.
Simlar to ERGS, CACS included in-car devices that comuni -
cate wth roadside units, and a central conputer to determ ne
best routes for driver guidance. The CACS system was origi-
nally denonstrated in Tokyo, and has fornmed the basis for
conti nued devel opnment of route guidance systens in Japan (Ref
21 & 22).

ALl , the first West German driver guidance and i nfornma-
tion systemwas, |ike CACS, a second generation proximty
beacon system patterned after the first generation ERGS
Large-scale field testing began in md-1979 (Ref 23) - and
the results provided useful information for designing ALI-
SCQUT, a third generation proximty systens (Ref 24).

ALI - SCOUT - a joint project of the Wst German Governnent,
Si emens, Vol kswagen, Bl aupunkt and others - uses a conbina-
tion of proximty beacon, dead-reckoning and nap-natching
techni ques. ALl -SCOUT equi pped vehicles receive approxi mtely
8 KBytes of area road network and recommended route data each
time a strategically located IR beacon is passed. Sinplified
graphic driving directions to the input destination are pre-
sented in real tinme on a dashboard LCD. Destination input and
ot her system controls are via hand-held w rel ess renote-con-
trol unit. Vehicle driving tines between beacons are trans-
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mtted to the beacons to aid in collecting traffic flow data
ALI -SCOUT will be subject to |large-scale user tests in Wst
Berlin starting in 1988. (For a system diagram see Exhibit
6b.)

Aut ogui de , designed by the Transport and Road Research
Laboratory of the UK Departnent of Transport (Ref 25), was
initially simlar in concept to the earlier U S. ERGS, Japa-
nese CACS and West German AL1 systens. Approximately 700
London junctions (out to and including M5) would be outfit-
ted with roadside beacons for two-way gui dance conmuni cations
with equi pped vehicles. Mst of the systemis intelligence was
to be built into the beacons; based on current and antici pa-
ted (en-route) traffic conditions, control centre conputer
recal cul ates routes and sends an updated 'look-up list' to
each beacon. (For a system diagram see Exhibit 6c.)

Aut ogui de, which is being denonstrated in London, has under-
gone extensive design changes and now uses two-way |R conmmu-
nication |ike ALI-SCOUT rather than inductive |oops as origi-
nally planned. A proposed pilot system for London will be
virtually identical to ALI-SCOUT except for mnor differences
in operating philosophy (Ref 25a).
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EXHIBIT 8a

ERGS DYNAMIC ROUTE GUIDANCE SYSTEM CONCEPT
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ALI-SCOUT

EXHIBIT 6b
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EXHIBIT 6¢c

AUTOGUIDE SYSTEM ELEMENTS
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2.1.3 Ground-Based Radio

Nuner ous navi gation schenes, such as triangulation, phase
trilateration, and pulse trilateration involve the use of
ground- based radio signals in determning position. O these,
Loran has received the nost attention as the basis for vehic-
|l e location and navigation systens.

Loran LOng RAnge Navigation, invented in 1940 by Loom s,
is a hyperbolic navigation system using nmultiple pairs of
ground- based master-slave transmtters. U S. coverage is com
plete along all coasts and nost inland areas except for a
band from Texas to North Dakota (Ref 26). Additional trans-
mtter chains are now being installed to cover the existing
m d-continental gap. Loran-C coverage is extended through
Canada by the Canadian West Coast Chain (GRI 5990) and the
Canadi an East Coast Chain (GRI 5930).

The master transmtter of a Loran-C chain emts a sequence of
el ectromagnetic pul ses which are received by a wdely separa-
ted slave station and retransmtted on a slightly different
frequency. The Loran user's receiver picks up both signals
and anal yses the difference in arrival tinme to establish a
hyperbolic |ine-of-position associated wth the tinme delay.
Repetition of the procedure for a different master-slave pair
yields the longitude and latitude of the receiver at the in-
tersection of two hyperbol as.

The availability of mcroprocessor-controlled receivers wth
i nproved performance at | ower cost nmakes Loran-C an attracti -
ve alternative to proximty device AVL in sone cases. Motoro-
la (Ref 26), II-Mdrrow (Ref 27) and Jaycor (Ref 28) have in-

troduced Loran-C AVL systens.

But Loran has not been pursued extensively as the basis for
aut onobi | e navigation systens, perhaps due to the inconplete
geographic coverage as well as location inaccuracies typical-
Iy as nmuch as 200m The only known use of Loran-based navi ga-
tion in a US. autonmobile is a CGeneral Mtors test system

whi ch al so includes GPS positioning (Ref 29). Loran is also
used in a Nissan delivery vehicle navigation system being
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tested in Japan. It is gaining some acceptance as a mneans of
tracking land vehicle location from central |ocations.

Ot her There is potential for new radio-trilateration app-
roaches using subcarrier signals from cellular radio trans-
mtters, One recent report indicated that the feasibility of
such approaches m ght be known in 1988 (Ref 30).

2.1.4 Satellite Positioning

NAVSTAR GPS The Navstar G obal Positioning System of
the U S. Departnent of Defense - which is still in the inple-
nmentation stage, as nost of the 18 satellites are yet to be

| aunched into 12-hour orbits - has been considered as a basis
for autonobile navigation by all of the major U S. nobtor com
panies (Ref 29, 31 and 32). Wwen this satellite constellation

is conplete, any point on earth will always be w thin range
of at least four Navstar satellites. According to a recent
U S. Ar Force plan, the nunber of satellites will be increa-

sed to 24 (with a conpletion date of 1995). However, there is
no commtnment yet to funding this expanded program

A GPS receiver could determne its three position coordi nates
by analyzing the travel tine of signals fromonly three sa-
tellites if the receiver's clock was precisely synchronized
with the atomic clocks that tinme the satellite signals. G ven
the timed signals from four satellites, the GPS receiver sol-
ves a system of four equations for its three position coordi-
nates (P, Py, P,), and for the bias (C) of its Iless precise
quartz cl ock

(X1-Px)2 + (y1-Py) 2 + (21-Pz) 2 = (Ri-Cp) 2 (4)

(x2-Px)2 + (y2-Py)2 + (22-Pz) 2 = (Rp-Cp) 2 (5)
(X3-PX)2 + (y3-Py)2 + (Z3-PZ)2 = (R3-CB)2 (6)
(X4-P)2 + (Ya-Py)o + (24P7)2 = (Rg-Cglp (V)

where X, Y5 Zp, are position coordinates of the nth satel-
lite based on epheneris carried by its signal, and Ry is the
range to the nth satellite.
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Locations may thus be determned to within approximtely 10
nmetres using Navstar GPS P-Code signals intended for autho-
ri zed applications. Less precise C A-Code signals for genera
use will permt location determnation to w thin approxinate-
ly 100 nmetres. By using established ground receiver/transmt-
ter stations (whose |ocations are known precisely) to obtain
a local correction signal - nmethod known as differential GPS
vehicle units can obtain accuracies conparable to P-code.

Since 1983, Ceneral Mdtors Corporation has tested and denon-
strated three navigation systens installed in a 1983 Buick
Park Avenue (Ref 29): Navstar GPS, LORAN-C, and a flux-gate
conpass conbined with an odoneter sensor for dead reckoning.
This test configuration permts the relative evaluation of

t hree independent or integrated approaches.

The few satellites currently deployed Iimt the GPS naviga-
tion window to approximately 4 hours per day. LORAN-C is used
at other tinmes to denonstrate radio |ocation along with the
integrated map display. Both GPS and LORAN-C automatically
shift to dead reckoning when their reference signals are ob-
scured or when an unreasonable vehicle location is conputed
by GPS or LORAN-C. Wiile there is no projected date for any
of these systens to be introduced as a production option, GM
will continue the devel opnent towards practical and affordab-
| e navi gational aids (Ref 29).

Navstar GPS is also the basis for CLASS (Chrysler Laser At-
las and Satellite Systen) a concept displayed at the 1984
Wrld s Fair in New Oleans (Ref 32). CLASS included a na-
tionw de set of maps stored in image formon a video disc,
and software for automatically selecting and displaying on a
color CRT the map area incorporating the vehicle' s current

| ocation as indicated by a cursor.

Ni ssan Motor Conpany Ltd and M tsubishi Electric Conpany have
al so considered GPS as a basis for their autonotive naviga-
tion systenms. The N ssan system (Ref 33) includes a dead rec-
koni ng back-up, a vector-encoded map stored on CD-ROM and a
CRT display with route guidance. The M tsubishi system (Ref
34), which also includes dead reckoning back-up and CD ROM
map storage, displays the vehicle's position on a colour CRT.
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Al t hough GPS has good potential accuracy and will provide
continuous coverage, auxiliary dead reckoning is required in
aut onobi |l e applications to conpensate for signal loss due to
shadowi ng by buildings, bridges, foliage, etc. A recent eva-
luation of GPS for |and vehicles notes that, because of dif-
fering ellipsoidal reference systems, the task of nelding GPS
location with local maps is formdable (Ref 35). Hence map-
mat chi ng technol ogi es, described below, may be useful wth
GPS as well as wth dead reckoning.

TRANSI T Transit satellite navigation system inplenented
by the U S. Navy, has been operational since 1964 (Ref 36).
Several Transit satellites in polar orbits at a height of
approximately 1075 km are |ongitudinally-spaced to give

worl dwi de, albeit intermttent, coverage. Each satellite
transmts information which, in conbination with measured
Doppl er characteristics, permts calculation of receiver |o-
cation by iterative solution of a set of equations. Since a
Transit satellite is not always in range, vehicle systens
based on Transit nust include dead reckoning for continuous
determ nation of position between satellite passes.

Ford Motor Conpany denonstrated the integration of Transit
satellite navigation with dead reckoning for autonobiles wth
an operational systeminstalled in a concept car in 1983 (Ref
31). This system which was a major feature of a "Tripnoni-
tor" cathode-ray tube information centre, periodically ob-
tained accurate position from the Transit navigation satelli-
tes to update the primary location from the dead reckoning
subsystem The dead reckoning algorithm was based on vehicle
speed and flux-gate magnetic conpass information with soft-
ware conpensation for magnetic field pertubation by the ve-
hi cl e.

The Ford Tripnonitor display is a touch-screen color CRT no-
nitor permtting the grouping of various autonotive displays
into a single display. Several alternative screens available
for the navigation feature included vehicle heading in NS/ E
W format, conpass pointer display, digital heading in deg-
rees, information on recent and next predicted satellite pass
characteristics, and the vehicle's position in latitude and
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longitude, in addition to map display wth tracking of the
vehicle's position.

GEOSTAR (Ref 37) and other commercial satellite systens,
such as MOBI LSAT (Ref 38), may offer future vehicular posi-
tion information as well as two-way nobile conmmunications
services, Wth CGEOCSTAR, conputers in a central facility cal-
cul ate the users' position based on the neasurenment of round-
trip signal transit tinmes between the facility and the user
transceivers, the signal returning through two geosynchronous
satellites, The GEOSTAR System achi eves high accuracy through
the use of spread spectrum timng signals.

The CGECSTAR Satellite Systemis a |icensed operator under the
new Radio Determ nation Satellite Service (RDSS) that was
approved by the U S. Federal Communications Conm ssion (FCC)
in Septenmber of 1985. Once its two satellites are operatio-
nal, it will be the world' s first comercial network that
provi des radi o-determ nation, radio-|location, radio-

navi gation, two-way digital comunications, and energency

assi stance from the sane set of user equipnent.

GLONASS (G obal Obiting Navigation Satellite Systen),
devel oped by the Soviet Union, is also in a pre-operational
stage. ovious parallels exist between G.ONASS and the NAV-
STAR d obal Positioning System (GPS) under devel opnent in the
United States.

A common periodicity exists anmpbunting to 16 NAVSTAR orbits or
17 GLONASS orbits, equivalent to 8 whole days |less 32.56
mnutes. Two of three 120-degree orbital planes are occupied
in the present pre-operational phase, one plane conmon to
bot h systens.

Al though GLONASS carries a C A code at L1 and a P code at L1
and L2, as NAVSTAR does, certain of the G.OSNASS spacecraft
have novel additional features in the form of spectral |ines
at the P code nulls and, in sone cases, a carrier at the L2
centre frequency. The code length and code rate are approxi-
mately half those of NAVSTAR, indicating an inferior janm ng
margin and half the pseudo-range resolution (Ref 39).
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2.1.5 Mp WMatching

Because the autonobile is essentially constrained to a finite
network of streets and roads, it is possible to match a ve-
hicle's dead-reckoned course with a mathematically mapped
route.

Graph theory is used as the conceptual franmework for mathenma-
tically nodelling maps of roads and streets as internoda
vectors. Each vector represents the distance and direction of
the road between two nodes defined by their coordinates.

Thus, a particular route froma given initial location is a
uni que conbi nation of vectors defined by the sequence of
nodes al ong the route.

The pattern of the vehicle's path is analyzed as a sequence
of vectors deduced from any of a variety of dead-reckoning
processes. As the vehicle travels, its nmeasured vector sequ-
ence is continuously conpared with the mapped vector sequen-
ce. Each tinme a turn is executed whose sense, nagnitude and
| ocati on approximate those of a near-by mapped turn, the ve-
hicle is presuned to be at the mapped |ocation. The matching
process thus renoves any dead-reckoning error accunul ated
since the last turn.

O course, problens can still rise from any deviation from
the coded vector system (eg. into a multi-level, nulti-exit
garage, onto a parking lot with many exit points, etc), or
from very closely-spaced intersections, or from electrical
interferences affecting a dead reckoning conpass (eg. parti-
cularly if near many-spoked round-abouts). In each case, a
manual correction to position the system onto the correct
vector of the map data base may have to be perforned.

ARCS (Automatic Route Control System) allowed a particular
route to be "programmed" as a unique sequence of mathematica
vectors. An on-board conmputer was used to anal yze dead-recko-
ning inputs and match the deduced vehicle path with program
med routes to automatically renove position discrepancies
that would otherw se accunul ate. The Automatic Route Contro
System (ARCS), denonstrated by French and Lang (Ref 13), was
the first such map-matching route system
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ARCS used a differential odoneter for dead reckoning and a
map- mat ching algorithm to correlate each sequentially nea-
sured route vector with its map data base counterpart. The
vehicle's location along the route was confirned, and pre-
recorded audi o route guidance instructions were issued where
appropriate. A second version issued visual route instruc-
tions on a plasma display panel (Ref 40). Now called "Route-
ware™  this patented technology yielded an average |ocation
accuracy of 1.15 netres during extensive testing over newspa-
per delivery routes which were originally "mapped" by driving
an ARCS- equi pped vehicle over them while operating in a data
acqui sition node.

Et ak Navigator' is a map-matchi ng autonobil e navigation
system for helping drivers efficiently find their way to
destinations (Ref 14). The hardware includes a conpass, dua
wheel sensors (differential odoneter), a cassette transport,
a vector-type CRT display and a mcro-processor. The conpass
is a two-axis flux-gate magnetoneter which is digitally com
pensated during initial calibration. \Weel sensors are com
prised of strips of rubberized magnetic tape adhered to the
inside of two wheels with small ferrous-cored coils attached
to the car in such a way that they remain stationary with
respect to the wheel's axis of rotation.

The CRT displays a road map for the area surrounding the car
A synbol is fixed below the centre of the screen to indicate
the location of the vehicle. As the vehicle noves, the nmap
shifts and rotates under the synbol to maintain accurate po-
sition and orientation so that the driver nay assimlate na-
vigation information at a glance. The operator selects diffe-
rent map scales ranging from a detailed view of the nearby
residential streets to a region-wi de overview of the freeway
system Roads are categorized in several classes, and only
streets of appropriate priority are displayed consistent with
the map scale selected. A dynanmic |abeling algorithm |abels
streets nost likely to be of interest to the operator. As the
vehicle changes direction and the map rotates, the street |a-
bels are reoriented for easy reading.

The Etak system navigates by a conbination of dead reckoning
and map matching. The neasurenments from wheel and conpass
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sensors are conbined to determ ne a sequence of positions
which in turn is conpared to a local map data base stored on
a 3.5-MByte tape cassette. Wien the map-matching algorithm
determnes with high confidence a nore likely current posi-
tion for the vehicle, its position is adjusted and accumul a-
ted errors are thus elinmnated. Map matching also enables the
system to continuously refine sensor calibration for inproved
dead-reckoni ng accuracy.

A desired destination may be specified as the intersection of
two streets or by street name and nunber. The selected desti-
nati on shows on the map display as a flashing star

In 1985 GM and Etak Inc, announced a |icensing agreenent gi-
ving GM exclusive rights to use Etak's navigation technol ogy
in original equipnent for cars and trucks sold in North Ame-
rica. The Delco Electronics Division of GMis devel oping a
system which will be functionally simlar to the Etak Naviga-
tor and which wll use the Etak nmap data base. The principa
difference is that the map data base will be stored on CD ROM
rather than on tape cassettes. Maps w |l be displayed on a
mul ti-function raster-scan color CRT rather than on a nono-
chromatic vector-type CRT as in the original Etak system
Differential odoneter signals will be adapted from wheel sen-
sors used for anti-lock braking.

Bosch- Bl aupunkt announced a licensing agreenent with Etak in
late 1987, giving them exclusive marketing rights in western
Europe. The Bosch-Bl aupunkt version called "Travelpilot" wl
al so use CD-ROM for map storage and is scheduled for intro-
duction in 1988.

Philips CARIN , a map-matching system devel oped for tes-
ting and denonstration by Philips, features the conpact disc
(CD-ROV) for storage of map data bases (Ref 41). This system
includes a route-search algorithm and provides step-by-step
route guidance. In the first version, a color CRT map display
shows vehicle location relative to the surroundings, and voi-
ce instructions pronpt the driver when operating in the route
gui dance node. A nore recent version, designed for possible
production, uses a sinplified LCD for route instruction and
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does not include a CRT map display (Ref 42). An RDS conmuni -
cation link for receiving traffic data is also featured.

Bosch- Bl aupunkt EVA map-matching system uses a diffe-
rential odoneter and includes route-search software to gene-
rate explicit route-guidance instructions (Ref 43). Turns at
i ntersections, |ane changes, etc are specified on an LCD in
the form of sinplified diagrans which show | ane boundaries
and use arrows to indicate the path to be taken. Voice capa-
bility is included, and is used to confirm destination en-
tries. A CD-ROM version is under devel opnent.

Japanese Systems , recently under devel opnent by seve-
ral manufacturers, illustrate the enmerging popularity of map-
mat chi ng augnented dead reckoning. The systens of N ppondenso
(Ref 44), Sumitonp (Ref 45), N ssan (Ref 46) and Yazaki (Ref
47) include CRT displays and a variety of map data storage
nmedi a and dead reckoning sub-systens. Sone include radio na-
vigation or proximty beacon receivers as well.
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2.2 MOBILE COMMUNI CATI ONS TECHNI QUES

The principal systens identified for electronic transm ssion
of information to and from vehicles are summarized in Exhibit
7. The nore relevant systens are discussed individually fol-
lowing a brief review of nobile data comunications consider-
ations that are common to nobst approaches.

2.2.1 Data Communi cati ons

Radi o has been used for years by the petroleum industry, gas
and electric utilities, and other organizations that needed
to transmt data from renote points to a central |ocation -
especially in areas where no phone |lines existed or where the
cost of those lines was prohibitive (considering the nature
of the data being sent). The state-of-the-art in these appli-
cations for many years was to connect telephone-type nodens
to land nobile radio. This sinple conbination worked well
provided that the data transm ssion needs were nodest and the
system was designed to cope with the harsh radi o environnent.

Monentary fading, noise, distortion or interference, which is
only a mnor annoyance during voice comunications, wll ei-
ther alter or destroy a data stream The net result was that
transm ssions were limted to 300 bits/second and retransm s-
sion was used to control errors.

From t hese begi nnings, nobile data comunications has evol ved
to include packet-radio systenms, a new technology for trans-
m ssion of data by radio networks interfaced to data devices
and conputers. Packet-radio systens are a derivative of net-
hods pioneered on |ong-distance wired networks used by conmon
carriers for both domestic and international data communica-
tions.

Over the past five years there has been extensive research
and developnent in the creation of a new generation of
packet-radio technology. It has resulted in a new resource to
provi de high accuracy, high throughput, and a w de range of
networking possibilities for "bursty" thin-route point-to-
mul ti point data transm ssion by radio. Anong the range of
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SYSTEM

PROXIMITY
BEACON

INDUCTIVE
LOOP

AM/FM
BROADCAST

BROADCAST
SCA

NWR
BROADCAST

LAND
MOBILE
RADIO

CELLULAR
RADIO

SATELLITE
MSS

Notes:

EXHIBIT 7

MOBI LE COMMUNI CATI ONS CHARACTERI STI CS

ELECTROMAGNETIC

SPECTRUM

UHF

Mi crowave [ > 960MHZz]
3 0 kHz [typical]

535-1605 kHz [AM]
88- 108 MHz [FM]

[300MHz-3GHZz]
Infrared [ >3000GHz]

BB- 108 MHz &

53- 9 9 kHz sub-
carrier
162.400, 162.425,
162.450, 162.475,
162.500, 162.525
and 162.550 MHz
29.7 - 50 MHz
138 - 144 MHz
148 - 149 .9MHz
150.05- 174 MHz
406 1 - 420 MHz
420 - 430 MHz
430 - 450 MHz
450 - 470 MHz
806 -890 MHz
825 -845 MHz
870 - 890 MHz
1544 -1559 MHz dwn

1645.5-1660 MHz up

CHARACTERISTICS /7 COMMENTS

One-way or two-way / data only
Local information

Includes ALI-SCOUT and Autoguide
Requires special receiver

One-way or two-way / data only
Local information
Requires special receiver

107 channels - ID kHz spacing

100 channels - 200 kHz spacing [1

One-way / voice only

Area-wide information & accessible by all car radios
Includes HAR [highway advisory radio]

One-way / voice and data

Area-wide information [subsidiary carrier authorityl
Requires decoding features at receiver

ARI (automatic radio info] & RDS [radio data systeml

One-way / voice only
National weather radio [area specific]
Requires special receiver

Two-way 7/ voice&data [20kHz channel spacingl [2
Heavy use in 13Dkm wide border corrdr [30kHz spcn]
Signifcnt occupancy by provincial gvt radio systems
Severely congested by public & private licensees [3
Paired duplex assignments; prov&munic systems
Interference from US radioloc emergency operations
Radiolocation activity geographically dispersed
Includes 165000 Land mobile assignments in Canada
Includes compatible cellular & trunked operations [4

One-way or two-way / voice end data

Reqgs dedicated traffic channel once lots of traffic
Local end area-wide information

Supports cellular telephone

One-way or two-way / voice and data

Area-wide information [commercl mobile sat service)
Rural & urban reception; requires special receiver
Signal only avai Lable a few hours

1] A U.S. proposal calls for a new FM band 225-230 MHz. However with present technology, each 200kHz assignment
results in non-use of 1600 kHz. This use-to-waste factor should be first improved.
[VHF TV broadcasting: 54-72 & 76-88 & 174-216 MHZz]

2] Includes radio paging, automatic repeaters,

12 mobile GLMRS channels, emergency traffic control, remote con-

trol & fire alarm systams, stn-to-stn linking, cordless telephones

3] Includes Maritime Mobile [distress and calling] 156.7625-156.9375. Assignments 172-174 MHz somewhat inhi-
bited by TV channel 7.

4] Also: 890-902 [mobile reserve) & 928-929 + 952-953 [multipoint) & 929-932 [paging] MHz
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possibilities today are radio transm ssion |links at speeds of
2400 to 9600 bits/second, bit error rates of one uncorrected
or one undetected wong bit in 10'! bits transmitted, with

t hroughput efficiencies of greater than 75 % using standard
narrow | and- nobil e channels (Ref 48).

In the U S., until recently, the Federal Communications Com
mssion (FCC) rules Iimted non-voice transm ssion by |and
nobile radio to a maxi num of two seconds without a break in
the signal, and also required that such signals be secondary
to voice transm ssion. Report and Order on Docket No. 82-470
rel eased January 1983, revised the Land Mbile Rules elimna-
ting the 2-second restriction and making digital data co-
equal with voice. Nonetheless, shared voice and data conmuni -
cation is still a useful concept in |and-nobile comunica-
tions, and it is an inportant factor in the overall design
and operation of dual nobde systens.

In Canada, no such 2-second rule has existed. In dispatch
bands particularly, efficiency is considered inportant - ie
a burst of digital data, containing for exanple a pick-up
request for a courier, which can then be displayed on a
screen in the vehicle, is clearly favoured in place of voice.

To mnimze the occurrence of users hearing the data audi o,
CTCS (continuous tone coded squelch systenm) is often enploy-
ed. A subaudible tone is transmtted only when the outbound
(base to nobile) transmission is voice in nature. Qutbound
data transm ssions are sent without the CICS tone, thereby
keeping all nobile speakers nute. A neans of preventing data
audio from being generated at the dispatch centre is also re-
quired. One nmethod is to incorporate the function into the
data conmunications controller (DCC). The DCC is a device
whi ch encodes and decodes data nessages on the radi o channel
then converts them for transm ssion over land line to the
data processing device.

2.2.2 Broadcast SCA

In both Canada and the U S., the transmission of ancillary
informati on on 53-99 kHz subchannels with a band width of + 5

34



kHz by commercial FM broadcast stations is allowed by so cal-
led 'subsidiary carrier authority' (SCA), Reception of these
subchannel s by car radios requires a special feature to de-
tect and decode SCA nessages. A current exanple is the AR
(Automatic Road Information) system for |local area traffic
advi sories by voice transm ssion (Ref 49).

Use of this approach for area broadcast of digitized infornma-
tion on current traffic distributions, map data updates, etc,
to the notoring public would require relatively little addi-
tion to the infrastructure, but would have to conpete wth

ot her uses for SCA channels, such as paging services, back-
ground nusic, stock quotation services, etc. In-vehicle

equi pnment (aside from the navigation system that would use
the received data) would also be mnimal, and would consi st
of an attachment to, or a special version of, the FM radio
receiver that is already comonplace in autonobil es.

2.2.3 Proximty Devices

There are three basic types of proximty device in use or
under test today:

*

i nductive |loops buried in the roadway

*

| ow powered radio transmitters at the roadside, vari-
ously labelled as proximty beacons or electronic sign-
post s

hi gh-capacity infrared conmmunication beacons attached to
traffic signal lights or road signs,

Accordingly, there also several different types of on-board
receivers. Wiile their cost is hard to estimate, they are ge-
nerally far |ess expensive than radio |ocation receivers.

The use of beacons to provide automatic vehicle location for
urban transit systens is on the increase (eg. by TTC in To-
ronto). Two major denonstrations of navigation equipnment in
Europe - which will provide extensive communication functions
as well as position updating - will be based on the use of
infrared beacons (Section 2.1.2). In the US., proximty de-
vices seem to have given way to autononous on-board technol o-
gies in the planning of vehicle navigation systens. The for-
m dabl e nunber of beacon |ocations, that would have to be
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outfitted and connected by comunications links to contro
centres, 1is considered to present a major cost obstacle.

The above argunents against and in favour of proximty bea-
cons also apply to inductive |oops as a nmeans of road-vehicle
comuni cations. Inductive |oops have the added disadvantage
of requiring traffic disruption for installation. They also
offer relatively |ow data conmunication rates.

2.2.4 Land Mbile Radio

W despread use of land nobile radio for two-way voice conmu-
nication for fleet nmanagenent has been severely limted by

t he amount of spectrum allocated for this purpose. New tech-
nol ogi es such as trunking and digital addressing gain nore
traffic capability within the available frequencies. However
the greatest potential gains in land nobile utilization wll
result from increased use of data conmunications as an alter-
native to voice comunications. Also, the voice comunica-
tions required of two-way |land nobile radio for nmany applica-
tions may be handl ed adequately and |ess expensively by cel-
[ular radi o tel ephone.

2.2.6 Cellular Radio

Cellular radio tel ephones have provided a major step forward
for both business and personal voice comunications in the
autonotive environment. The potential for cellular telephone
data communication is expected to broaden the cellular appli-
cations during the next several years. However, the present
schene of using cellular technology exclusively for full-dup-
lex individually addressed communications wll Iimitthe po-
tential use of cellular radio in conjunction with navigation
and route guidance systens.

Effective adaptation of cellular radio technology to the data
communi cations requirenents of navigation and route guidance
m ght require the establishnent of a dedicated channel for
repeatedly broadcasting the samemap update data, traffic
data, etc., by all cell transmtters in the |local area served
by a cellular system. Equi pped vehicles would have specia
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receive-only units to detect the data for transfer to the on-
board system

The types and prices of land nobile radios or cellular radio
t el ephones are not necessarily different because they are
used with an on-board navigation or route guidance system
However, a nodem is generally required to interface the com
muni cati ons devices with the navigation conputer. Standard
commercially available nodens are typically used for |and
nmobi |l e radi o: specially designed "smart" nodens are now beco-
m ng available for data conmunications via cellular tele-
phone.

Anot her transmtter, such as an automatic vehicle identifica-
tion (AVI) electronic license plate transponder, may sinply
send out the vehicle |I.D. to roadside interrogators for traf-
fic counting (eg. by vehicle type and by hone base), for de-
mand managenent (eg. road user charges, area access control)
and for |aw enforcenment purposes.

2.2.7 Satellite

The U.S. Federal Conmunications Conmm ssion has started the
regul atory process that will lead to conmercial nobile satel-
lite service (MSS) and, on 24 July 1986, announced a spectra
allocation of 27 MHz in the L-band (-1500 MHz) for this pur-
pose. Twelve contenders have applied for license to operate
the nobile satellite service. Lately there has been however a
scranble for financial backers due to the requirenent of ha-
ving to place $5 MIlion in an escrow account.

Representative of the proposed services are those pronul gated
by the Mbile Satellite Corporation MOBI LSATSM (Ref 38):

1) Voi ce Comuni cati ons
a) Interconnected nobile radio tel ephone
b) One-way and two-way radi o dispatch
c) Rural residential telephone

d) Pay-tel ephone-type radio tel ephone service for pas-
sengers (including airline, rail and ship passengers)

e) One-way tone-and-voice paging and dispatch.
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2) Data Communications
a) |l-way & 2-way radio paging and al phanuneric nessaging
b) Vehicle location and tracking
c) Vehicle operational data
d) Renote nonitoring and control
e) Narrowband (low speed) data transm ssion
f) Wdeband data transm ssion.

The potential use of MSS for one-way data communications in
support of vehicular navigation and traffic managenent faces
obstacles which may be resolved in time. Allocation of L-Band
rather than UHF spectrum will require nore costly receivers
(or perhaps larger antennas) because of |ow signal strength
due to higher atnospheric attenuation. Also, the first gene-
ration MSS satellites will have large signal "footprints”
which are not conpatible with requirenments for broadcasting
digital map updates and current traffic paranmeters on a re-
gi on-by-regi on basis. However, second generation satellites

will enploy large, multibeam antennas that wll have snmaller
footprints which will permt multiple frequency reuse (Ref
38).

In Canada, the planning for MSAT (Mbile SATellite) has been
carried out by Telesat and the Departnment of Conmunications
(DOC) in consultation with the tel ecomunications industry,
provinci al governnents, federal departnents, conmunications
equi pnent suppliers and prospective users. MSAT is designed
to conpl enent services provided by nobile radios and tele-
phones in heavily popul ated areas where nost people are close
to base stations. Telesat estimates that 80% of the system
use will be for voice comunications over nobile radio and
nobi | e tel ephone: but data transm ssion (information called
from conput er databases for display on a small video screen)
wll also be inportant. Oher expected services include na-
ti onwi de pagi ng, and broadcasting of weather forecasts and
agricultural information to any point in Canada.

The initial systemw |l use only one satellite to provide

service to all of Canada. On the ground will be: central sta-
tion for satellite control and managi ng conmunications fl ow,
several 'gateway' stations for connection to the public tele-
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phone network, and several hundred base stations to funnel
traffic to and from (up to 35 000) nobile radios. Conmunica-
tions with nobile units will be in the 800 MHz band, the up
and down |inks between the satellite and the gateway stations
will be at 13 and 11 GHz. It is now expected that NMSAT w |
be launched in 1993, wth full scale operation likely to fol-
low within a year or so.

DOC has undertaken several reviews of the utilization of
various radio frequency bands by users, and of operationa
requi renents, technological progress and user needs. These
have nmade possible nore efficient utilization in general and
the sharing of under-utilized spectrum DOC is currently in-
viting comments on two discussion papers on spectrum utiliza-
tion policy:

*

Utilization of the Radio Frequency Spectrum in the Range
30.01-890 MHz - Septenber 1987

*  Spectrum Utilization Policy (SP 300.89) for the Fixed,
Mobi |l e, Radi ol ocation and Amateur Services in the Band
890-960 MHz - July 1986

bot h by:

Tel ecommuni cations Policy Branch / Spectrum and Orbit
Policy Directorate / Departnment of Conmunications /
Gover nment of Canada.

O her essential Canadi an source docunents on nobile comuni -
cations are:

* Ontario Communications Handbook 1985
Mnistry of Transportation / Province of Ontario

Tabl e of Frequency Allocations
Tel ecommuni cations Policy Branch / Departnent of
Communi cations |/ CGovernnent of Canada / March 1986

Spectrum Al [ ocations in Canada
Canadi an Covernnent Publishing Centre / Supply and
Servi ces Canada |/ 1982
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2.3 SYSTEM COMPONENTS

A concept |ayout for many general purpose autonobile naviga-
tion systens currently being developed is presented in Exhi-
bit 8. The nmajor on-board conponents of virtually all autono-
bile navigation and information systens fall under sone com
bi nation of the fifteen categories discussed below. No system
currently on the market or in the planning phase includes
conmponents in all categories - however, the nost sophistica-
ted systens in the future well m ght.

2.3.1 Navigation Sensors

Di stance Sensors - D stance neasurenents are alnost in-
variably perforned with sone form of the odoneter which, in
effect, neasures the length of track laid down by the perine-
ter of a wheel in rolling contact the road surface. Cdoneter
t echnol ogy dates back approximately 2000 years (Section
|-3.2), and the conventional mechanical odoneters used in au-
tonobiles are typically accurate within 1 to 3 percent of

di stance travelled. Error sources include tire wear, changes
intire pressure, variations in vehicle |loading, the centri-
fugal expansion of tire radius with increasing speed and tire
sl i ppage on road surface.

El ectronic odoneters, whose calibration nmay be adjusted by
software to maintain higher accuracies, are often used for
input to nodern navigation systens. Electronic odoneters are
usual ly inplenented by use of non-contacting sensors which
produce discrete electrical signals, each corresponding to
smal | increnment of wheel or shaft rotation

The novenent of vehicle relative to a statistically rough
road surface can also be determ ned, w thout direct contact,
by optical nmeans. The noving surface, illumnated if necessa-
ry, is projected through a lens onto a sensor grid (eg: pho-
todi ode strips) and high speed spectral analysis is used to
deduce rate of novenent, Such equi prent has been used for
years as a "fifth wheel” for precise autonobile testing. The
only known exanple of such an approach being used for naviga-
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tion purposes is in OKE - an experinental vehicle |ocation
system devel oped by the Robert Bosch Institute (Ref 50). OKE
uses this technology for detecting heading changes as well as
di stance travell ed.

Headi ng Sensors - The underlying accuracy problens of
the magnetic conpass due to anonalies in the earth's magnetic
field are conpounded when installed in an autonobile, In ad-
dition to having a permanent nmagnetic field of its own, the
autonobil e has induced fields depending upon its heading in
the earth's magnetic field, and sub-permanent nagnetism may
be acquired when going over a bunp in one direction, and may
or may not be lost in going over another bunp. Further, in
urban settings, the sensor readings are frequently (albeit
briefly) distorted by near-by electrical transformers and
overhead tram and trolley wres.

Nonet hel ess, nodern versions of the conpass are included in
many autonobile navigation systems. The flux-gate type of
conpass is well suited because its output is in the form of
el ectrical signals, and software calibration techniques may
be used to aneliorate the perturbing effects of the autonobi-
le itself. The flux-gate conpass consists of two coils or-

t horganal ly wound around a highly perneable core material. A
third coil carries an alternating current which excites the
core and induces alternating voltages in the orthorgana
coils. Superinposition of the earth's steady magnetic field
produces a phase shift in the induced voltages which is de-
pendent upon the orientation in the magnetic field.

After installation in a vehicle, calibration is acconplished
by rotating the vehicle through 360 degrees and |ogging the
variation between indicated and actual directions. This pro-
vides a basis for using software to conpensate for the effect
of the vehicle's magnetic properties on subsequent conpass
readings. No reliable (electronic) techniques are as yet
available for fully filtering out the effects of near-by
transfornmers and such: however, cross-referencing the conpass
readi ngs to headi ng change readings from other types of sen-
sors can reduce the actual errors caused,
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Headi ng Change Sensors - Wile the magnetic conpass
is the only self-contained neans available for direct neasu-
rement of vehicle heading, there are numerous technol ogies
avai l abl e for neasuring changes in heading. These include
applications of gyroscopic or inertial principles. Exanples
used in autonobile navigation systenms include a fluidic ver-
sion in which deflections in a heliumjet caused by heading
changes are detected by cooling effects produced when the
deflected helium jet strikes a heated wire grid, and a vibra-
tion-rate sensor in which the angular velocity of rotation of
a vibrating beam is obtained by detecting the Coriolis force.

Recent devel opnents include a |ightweight, conpact, optical-
fibre gyroscope which uses laser light (split into two beans,
pol ari zed and | aunched into opposite ends of a roughly 500m
long coiled, hair-thin glass fibre) and solid state conpo-
nents to sense novenent. Mst conponents are integrated on a
single optical chip, and the gyro has no noving parts.

The nethod nobst commonly used by autonobile navigation sys-
tenms for neasuring relative heading changes is the differen-
tial odonmeter; ie. a pair of odoneters, one each for the
wheel s at opposite ends of a comon axle (Section 2.1.1.) By
nmeasuring the differential travel of opposite wheels, a ve-
hicle's path and heading relative to its starting point nmay
be conmput ed.

Wiile the differential odometer is very sensitive in detect-
ing the occurrence of turns, the accuracy is affected by se-
veral error sources in addition to those outlined above for

t he odoneter. Steeply banked turns, for exanple, are underes-
timated by the differential odoneter, and when installed on
the front wheels of a vehicle the steering geonetry distorts
t he wheel separation resulting in turns being overestimted.
Differential odoneter signals nmay be derived from the whee
rotation sensors required by anti-lock braking systens (ABS)

2.3.2 O her Sensors

Engine Diagnostics - Wth the advancenment of continu-
ous, automatic engine diagnostics, in-vehicle navigation/in-
formati on system units can be programmed to store (for future
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reference) and/or display (upon request; or immediately, as
an over-ride, in case of anticipated failure) the readings
and/or interpreted results (ie. source of malfunction), or

rel ated diagrans and service instructions. The navigation
unit may al so continuously record, through the vehicle's own
plug-in data channel, such operating infornation as:

speeds & acceleration/deceleration (abruptness) & etc

fuel consunption & tine/distance travelled & idling

The unit could be readily programmed - in addition to automa-
tically recording the driver's identity, date and tinme - to
signal an alarmto the driver in case of a violation of traf-
fic rules. The navigation unit could interpret this by conpa-
ring signals from the vehicle sensors with signals from
transmtting traffic signs (speed, even parking) or wth
traffic rules data stored on its digital map. This recording
and alarm could al so be nuch nore individualized, driver spe-
cific, eg: based on special rules devel oped (and entered) for
the famly's teenage drivers etc. The unit could also conpare
accunmul ated (tinme & distance) data to an earlier trip plan

Vehicle Headways - Several devices, which have been de-
signed to increase operating safety and which could readily
be incorporated into an in-vehicle navigation unit, are in a
prelimnary design or testing stage, eg:

- gap radar, to nonitor - front & rear headways
- side distances

- lane position indicator (to mamintain vehicle in the
m ddl e of a |ane).

The readings from these sensors would be evaluated by the
unit's mcroprocessor, and signals transmtted to send an
audible alarmto the driver and, in an inpending collision,
to automatically taper off the accelerator and activate the
brakes. Plans, from the md-sixties, for automated freeways
called for such "automatic pilot' devices to also control the
steering, ie. once engaged to a centre |ane automatic chauf-
feuring system until a given destination exit started to
approach.
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Environment al Sensors - The readings from several

ot her sensors, that nmay cone as options with the vehicle it-
self - or may be installed in the after-market as part of a
nmobile information system unit - may be incorporated into a
total vehicle operations control system They would nonitor

road conditions: friction (presence of ice, water)

climate conditions - outside tenmp & wnd & humdity
pol lution (&pollen) |evels
- conpartnment confort (tenp&w ndows)

security - unauthorized entry: hood,trunk, pass cnprtmt
nmobile (electronic) baby-sitter signal

Vi sual Scanners - Two types of visual scanners, whose
i mage would nost naturally be displayed on the navigation
unit's screen, are already in advanced devel opnent stages:

perimeter scanning TV canera (blind spots & backing)

- infra-red scanners (night & inclenent weather vision).

O her - Oher types of sensors that may becone part of the
nost sophisticated nobile information systens would rel ay
i nformati on on:

driver condition - drowsiness (no steering corrections)

sl ow or excessive reactions
- breathal yzer reading (before start)

- medi cal diagnostics (heart beat pattern, ...), etc.
2.3.3 Mcroprocessors

Computer - Virtually all on-board navigation systens are
controlled, and the actual navigation calculations are car-
ried out, by a mcroprocessor supported by appropriate
amounts of RAM and ROM M croprocessors selected for various
systens range from the Z-80 to the Mdtorola 68000 depending
upon the anmount of processing and operating speeds required.
Standard, commercially available mcroprocessors are current-
ly used in virtually every system

However, future systens may warrant the design of specialty
chips in order to increase the graphics processing speed (for
snoot her turning of map displays) and in order to allow mul-
tiuser/nmultitasking operation - eg: when, by option, the dri-
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ver may be requesting route guidance in the form of directio-
nal arrows (or audio) only while the screen and keyboard nmay
be sinmultaneously in use on the back seat for educational or
entertai nnent purposes.

Software - The software required for the operation of a
conprehensive nobile information system will include the fol-
| owi ng:

* system software for: - conputer operating system

nmobile unit <-> car conputer
interface controller

applications software for:
sensor inputs nmanagement
position finding

- optimum route algorithns: mininmum tine and/or distan-
ce, mnimm$ (fuel + food + |odgings), naximum com
fort, maxi mum scenery, optinum 'conbined experience'
(scenery, heritage, nuseuns, etc), etc

- display generation: video, audio, print, notion

di spl ay mani pul ation: zoom |evels, quick scan, perso-
nal i zed overlay selection,

- data base managenent:
on-board: permanent, personally up-dated
i ncom ng: upon request only, or automatic upon en-
tering a transmtter's range (options: allow access
to all, or filter based on personalized priority
criteria, eg: all advertising screened out)

automatic record keeping: speeds, driving manner by
corridor & by congestions vs non-congestion
(accumul at ed abrupt ness, accunul ated wear&ear, . ..).
fuel, time vs distance by corridor or fwy section
surroundi ng vehicle types (presence of transport

trucks, traffic act violators, ...),
word processing & conputing
ot her - user programm ng shell: personalized

function codes devel opnent, etc
- automatic pilot (veh control commuands)
- energency overrides
- nmedi cal systens
- educational systens
entertai nment systens
general encoder/decoder functions
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- conmuni cati ons - | R beacons, radio transmtters,
(receiving & - electronic traffic signs,
transmtting) - operations control centres

- traffic control centres

- community services centres

- commercial (marketing) units
enquiry systenms & bulletin boards
ot her vehicles
carry-off nodul es&wands& enote crl
office, . . . . home

- artificial intelligence applications, eg:

route optimzation for frequent O Ds

- selection, based on tinme available plus traffic
conditions plus distances & activity types, of
activities from famly or business 'cookie jar'

- interpretations/adjustnment to route guidance advise

from central control based on

- previous experience when followed & when not
f ol | owed

- driver's established ability/inability to cope
with congestion and other conditions typically
found on recommended vs. non-recomended routes,

2.3.4 Data Storage Devices

Large capacity storage, such as Conpact Disk - Read Only Me-
nory (CD-ROM and Digital Audio Tape (DAT), is required for
useful anounts of map data. A nationwi de digital map would
fit on one 500-MByte CD-ROM disc. However, future systens
will also need to allocate |arge anmbunts of storage to "yel-

| ow pages" or other directory type information to aid drivers
in performng personal errands and business functions.

CD-ROM is still relatively expensive; the players will have
to be nade to withstand typical autonotive abuse, vibration

i npacts, humdity and tenperatures from -40°C to +85°C. Al so,
| arge anmount of map data are generally not yet available for
storage. Accordingly, first generation systens typically use
hi gh density tape cassettes, RAM EPROVM etc. for storing no-
dest anounts of map data (eg: Los Angeles area street map).
Future systens may use 5 1/4" erasable optical disks, allow ng
relatively inexpensive, periodic updating at the |ocal 've-
hicle navigation centre'. Future systens may also incorporate
a floppy disk drive to provide for easy transferability of

47



some personal or business data (that needs to be worked on at
home, in the office or at a client's base).

2.3.5 Input/Qutput Devices

Information Display Devices - Information display
devices presently used with vehicular navigation systens ge-
nerally fall in one of two categories: CRTs and sinplified

di spl ay panels. CRTs, used for displaying maps or |arge
amounts of information, come in two basic types: vector and
raster scan (both may be color or nonochromatic). Virtually
all CRT displays used with autonpbile navigation systens are
standard commercially avail abl e devices.

Sinplified display panels are of LED, LCD, fluorescent or
| umi nescent type. Sonme are formatted to show a few |ines of
variable text, while others are designed to show synbolic
arrows and shapes to indicate driving maneuvers to be nmade.

A third type of display that may have potential for future
systens is the "heads up" projection display (a |aser holo-
graph, but with 2-dinensional projection), already famliar
from aircraft applications. This technology may ultimtely
have a significant inpact on what and how nuch can be dis-

pl ayed while the vehicle is in notion - wthout |jeopardizing
traffic safety. Wiile at present the manufacturing costs ap-
pear prohibitive, a new hol ographic |ens holds great prom se
a thin sheet of plastic lamnated to the w ndshield, which
works with the electronic displays already in cars (as oppo-
sed to expensive |asers).

The nore el aborate future systens will likely also include
the use of conpact printers for obtaining a 'hard copy' of
sonme instructions (eg: situation summary for operators of
enmergency vehicles, who have to |eave the vehicle while on-
site) or specified content of either on-board or externa

data file (eg: just received in response to inquiry from the
vehicle). On-board printers, albeit not as a navigation unit
sub-conponent, are already available - eg: in Finland they
are used by taxis, in North America by trucking conpanies, to
print an invoice at a pick-up or delivery site.
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Audi o Devices - Tw different types of audio sub-systens
are in use in the current systens:

*

one is a sinple annunciator which may be a buzzer or a
tone generator to draw the driver's attention to infor-
mati on shown on a display

the other type uses voice to give spoken instructions or
information via |oud speakers on one of three different
voi ce approaches: pre-recorded nessages, digitized voi-
ce, and synthesized voice.

Control Consoles - Al systens require sonme neans for
the driver and/or passengers to communicate with the system -
for exanple, to specify a destination. Many different app-
roaches are illustrated by contenporary systens. Sone use
push buttons, keypad, or full keyboard arrangenents: while

ot hers use CRT touch screen controls.

Future systens may incorporate a read/wite unit for persona-
lized (or conpany) optical data cards that could store enor-
nous anounts of vehicle operator (and famly) specific in-
formation (personal |1Ds, nedical data, digitized pictures,
etc) - while also keeping a conplete record of every aspect
of vehicle operation (for one vehicle or for each vehicle of
a fleet). The card could readily control the access to each
vehicle or to any limted access site on an individualized
(driver) basis. A recent version, roughly the size of regular
credit card, promses to hold up to 200 Muytes of information
(wth 1/2 second access tinme to any byte), stored as reflec-
tive, laser-made mcroscopic pits on both sides of the card.
A six card data storage unit, which can contain maps for al
of North Anerica, could also be developed to operate as the
primary data storage device for a navigation unit.

Infra-red renote control devices may also be incorporated to
facilitate the use by rear seat passengers (of units that can
not be renmoved from driver console or the dash).

Speech recognition systens hold significant potential as fu-
ture control devices that wll increase the safety of nobile
information system operation (i.e. when being operated by the
driver). Recent developnents include a DSP (digital signa
processor) chip which yields the performance of earlier

| ar ge-vocabul ary, real-time speech "recognizers" but in an
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PC- AT environnent. These systens, with the help of artificia
intelligence techniques, are beginning to be applied in the
industry (eg: quality inspections on a manufacturing assenbly
line). Special adaptations may be particularly helpful for

t he handi capped (the equivalent of "HAL', or the Home Autonma-
tion Link, and other simlar devices on the market), In the
autonotive environment (as in industrial applications), how
ever, background noise is one challenge that has not yet been
fully overcone.

2.3.6 O her Devices

O her on-board devices that will be part of nobile informa-
tion systens installations are:

- devices to prevent tanpering

- self-destruct device - to render all expensive conpo-
nents unusable (& unrepairable) in case of theft, and

- transformer & back-up batteries

- installation - seal ed cabinets: consol e/ dash & trunk
equi prent - nmounting arms with tilt&urn joints
- connections for other seats
antenna casi ngs
adapters for disabled
speci al nodens & scranblers

2.3.7 External Conponent s

Totally self-contained dead-reckoning navigation systens need
not include any conponents that are not on-board, if the pur-
pose is solely location and path finding for that single ve-
hicle. However, if such systens are part of a fleet dispatch/
rerouting system - or if they are not fully self-contained
the system woul d, depending on its type and range of func-
tions, include sone of the follow ng external conponents:

*

road side - detector/transmitter loops {in guard rail,
pavement, ...)
proximty beacons
- electronic traffic & street signs
el ectronic parking neters, gates,
vari abl e nessage signs
el ectronic billboards
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cellular grid antennas
HAR nonopol e or cable antennas
CB radio transntr/receivers (renote sites)

ground stations

operati ons
centres

base stati

central
control

mobil e in-
formati on
services

ons -

- Loran C. nmster transmitter & slave
stations

- satellite: surveyed receiver to
determ ne correction terns (for dif-
ferential GPS)

network: assign radio channels to
nobi |l e and tel ephone exchanges

t el ephone exchange/control centre

di spatch office: conputer & AVL con-
troller & display/voice console

regional & district sales offices,

traffic: conputer & peripherals & consoles

& display maps & cassette equi pmt

energency services: police, fire, anbul ance

muni ci pal  hydro&sewers

community services: coordination of infornma-
tion from public and private sources
(computer & peripherals & nodens & etc)

vehi cl e navigation centre: purchase,
mai nt enance and calibration of naviga-
tion units & updating of nass storage

plug-in term nals on:
- line-haul comuter systens (sub-
scription bus, van pools, trains)

o1



2.4 | NFORMATI ON CONTENT AND PROCESSI NG

2.4.1 Digitized Mp Data

Digitized maps are as essential to the car navigation systens
of the future as paper maps and charts were to the professio-
nal maritime navigators of the past. However, car navigation
is only one of many useful applications of digitally-encoded
street and road nmaps. Digital nmaps enable new approaches to
managi ng spatial information, and the graphically-nodelled
street and road networks provide the |ogical framework for
organizing files of many types of information associated wth
specific street segnments or |ocations.

a) Encodi ng Concepts

There are two basic approaches to digitally encodi ng naps:

*

vector approach applies mathematical nodelling concepts
to represent key geonetrical features such as roadways
and boundaries with a mninmum of data

matri x approach, like a picture, nodels every grid ele-
ment of a map, whether relevant or not, and thus requi-
res nore data storage.

A conparison of the characteristics of the two encoding tech-
niques is presented in Exhibit 9.

By considering each street as a series of lines and each in-
tersection as a node point, a map may be viewed as a series

of interrelated nodes, lines and enclosed areas. The nethod
by which nunbers may be assigned to node points representing
street intersections is illustrated in Exhibit 10. Node

points are also positioned along curves on a given street
segnent. Curves are thus represented as a series of vectors

connecting these node points, just as vectors connect the
i ntersection node points.

The x-y coordinates of node points may manually be estab-
lished directly from maps of appropriate scale. In practice,
they are usually determ ned by a special digitizing work
station which records automatically the coordinates of a
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EXHBIT 9

MAP DATA BASE ENCODING

ENCODI NG TECHNI QUE

ATTRIBUTE VECTOR MATRI X

FORM Mathematical model Tessellated image
[= bit-mapped or mosaic]

ADVANTAGES Compact data set Regular features
Facilities matching Low encoding effort

DISADVANTAGES High encoding effort Bulky data set
Omitted features Impedes use of map-matching

Source: Ref 15
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EXHIBIT 10

NODEPOI NTS AND STREET SEGHENTS
OF VECTOR-ENCODED HAPS
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Source: Ref 66
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given point when the cross hair of the instrunent is placed
over the point and a button is pressed.

The node point nunbers, if used, are used for |ogical asso-
ciation purposes, while their x,y coordinates are used for

mat hemati cal analysis. The x,y coordinates may be specified
in any consistent rectangular coordinate system Unless al-
ready in state plane or latitude-longitude coordinates, the
map data set should include the transformation to standard

coordinates for facilitating edge-matching wth other naps.

The length and direction of the vectors representing street
segnents connecting node points may be conputed from the node
coordinates, A particular route is a unique sequence of vec-
tors and may be defined by the series of node points encoun-
tered along the route: the path driven by a vehicle may then
be deduced by dead-reckoning techniques. If the vehicle
starts from a known |ocation on the encoded map, each succes-
sive vector can be conpared with the possible vectors from
each node point to track the vehicle location, As long as the
"measured" profile is within acceptable limts the driven
vectors may be matched with the correspondi ng encoded vectors
and position discrepancies renoved at each node. This is the
principle of the map matching technique described in 2.1.5.

Matri x encoding preserves map detail in a digitized picture
formrather than in a mathematically abstracted form It may
be conpared to a digitized TV image in which each pixel or
picture elenment, as determned by an x-y grid with arbitrary
spacing, is defined by digital data giving characteristics
such as shade or colour. Thus, in addition to requiring nuch
nore data storage, matrix encoding does not facilitate analy-
tical treatnment of |ogical connections anong the map ele-
ment s.

The Boeing "Flair" vehicle |ocation nonitoring system (Ref

56) used a sparse matrix to represent a street map as il-
lustrated in Exhibit 11. The encoding process involves over-
laying the map with a grid network having regularly spaced
grid elenents, and recording a value of 1 or O for each grid
intersection. If a grid intersection coincides wth a street
or roadway, a logic 1 is stored for that x,y position. |If the
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EXHIBIT 11
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MATRIX-ENCODED VERSION

OF A STREET MAP
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grid intersection does not overlay a street, a logic O is
st ored.

The upper portion of Exhibit 11 shows the matrix pattern thus
generated to digitally represent the map shown bel ow. Note
that street positions nust sonetinmes be shifted slightly to
correspond with actual grid intersections, as the coarse grid
network cannot readily accommpdate streets consistently run-
ning at an angle, other than parallel to grid lines, or at 45
degrees with respect thereto, and still nmmintain accuracy. A
110-foot grid increment (approximately 34 n) was found to be
sufficient in nost netropolitan areas as the typical city
block is 330 by 660 feet (approximtely 100m x 200m) .

As used in the map-matching process of the Flair system in-
stalled for the police departnent at St. Louis, dead-reckon-
ing parameters of vehicles being tracked were communicated to
the central system at intervals of approxinmately one second
(Ref 57). The vehicle location was calculated in conpatible
Xx-y coordinates and conpared with the matrix map data to es-
tablish position relative to the map

By using small mesh sizes, matrix encoding could be used to
define a street network to any desired degree of accuracy.
However, 1in addition to heavy data storage requirenents for
accuracy, the approach suffers from the |lack of |ogical neans
for associating useful street attributes, such as street

nane, class of road, address ranges, etc. with specific
streets.

b) Data Base Devel opnent

Map data base developnent is a tinme-consuming and difficult
task. Al though nmany aspects, such as digitizing the geonetry
of road networks may be assisted by automation, the devel op-
ment of digital maps for nost purposes also requires conpil a-
tion and organization of non-mathematical al phanuneric data
froma variety of sources. Map data base devel opnent is thus
an expensive |abour-intensive undertaking. For exanple, Rand
McNal ly & Conpany estimates that preparation of a United
States map data base suitable for car navigation would cost
approxi mately $40-$45 nmillion.
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The first large scale map data base devel opnent project was
undertaken in the public sector. The GBF/ D ME System desig-
ned and devel oped by the U S. Census Bureau in the 1960s-70s,
becane the prinme geographic processing and coding resource

for admnistering the 1980 Census. It becanme increasingly
useful to agencies at the city, county, regional and state

| evel s during the 1970s. It has since becone an inportant re-
source for various commercial applications as well.

GBF/ DI ME stands for Geographic Base Files/Dual |ndependent

Map Encoding (Ref 86). The term DIME refers to the fact that
the basic file is created by defining two independent inci-
dence matrices from the source map: (1) the node point at the
end of the line segnments and (2) the areas enclosed by the
nodes and line segnents. The GBF/DIME File, itself, is a com
puterized version of a street map and contains all features
shown on the Census Bureau's Metropolitan Map Series, plus

bl ock- by- bl ock address ranges, ZIP codes, and x-y coordinate
values at intersections (state, plane, |atitude-Iongitude,

and map-set mles).

The GBF/ DI ME system uses the node and segnment concept for
vector encoding as illustrated by Exhibit 10. The type of in-
formation contained in the file for a single segnent, identi-
fied by its "from and "to" nodes, is listed in Exhibit 12.
Each record in the file identifies a segnent of a feature on
the map sheet (Atlantic Avenue], the two node points between
which it is located (nodes 123-124), the address range along
street features (101-199 on the odd side and 100-198 on the
even side), and the geographic units identified on either
side of the segnent (block, census tract, place, ZIP, etc.).

Al SWMBA's (Standard Metropolitan Statistical Areas), inclu-
ding approximately 60 percent of the U S. population, are
covered by the GBF/DIME files. The files represent the street
network as it existed in 1977, and have nunerous errors in
segnment connectivity. H ghways and rural roads are generally
not included as the files cover only 16 percent of the US.

| and area. The Census Bureau has recognized these deficien-
cies, and is preparing a new system called TIGER (Topol ogi -
tally Integrated Encodi ng and Referencing System) - to be
completed in tinme to support the 1990 census.
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EXHIBIT 12

EXAMPLE OF GBF/DIME FILE INFORMATION

\
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FOR EACH STREET SEGMENT, A DIME RECORD CONTAINS:

From Node 123

To Node 124
Street Name Atlantic
Street Type Avenue

Left Addressees 101 - 189

Right Addressees 4100 - 198

Left Block 110
Left Tract g
Right Block 111
Right Tract 8

Source: Ref B6
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¢c) TIGER System

The term "TICER file" refers to a conputer file that contains
all of the data representing the position of roads, rivers,
railroads, political and statistical boundaries, and other
census-required features along with their attributes, such as
name, address ranges, geographic code, feature class, and so
forth (Ref 58). The TIGER file, plus the specifications, pro-
cedures, conputer progranms, and related materials required to
build and use the file, constitute the TICGER System

The spatial framework for the TIGER file is being provided

t hrough a cooperative program between the U S. Ceol ogica
Survey (USGS) and the Bureau of the Census. Each USGS

1:100 000 scale map is being raster scanned and vectorized by
USGS to produce four |ogical conputer files:

* *

r oads hydr ogr aphy " railroads

*

"other transportation file' - containing, anong other
things, pipelines and powerlines.

The Census Bureau is tagging the roads file with the seven-
character USGS attribute codes. USGS is tagging the other
files wwth simlar codes. Then the files are conbined at USGS
to form their National Digital Cartographic Data Base. From
this conbined, tagged data base, files of all transportation
and hydrography are provided to the Census for use as the

TI GER spatial franework.

The TICER file structure is designed as a series of inter-
locking files. These are called lists and directories. The
lists are characterized by random storage of their elenents
while the directories have their elenents stored in a parti-
cul ar order. Each elenent can be considered as a record in a
list or directory. The elenents contain data itens and/or in-
dex pointers to other elenents or to elements in other files.
These pointers give the TIGER file-structure its interlocking
nature and provide a neans for rapid access and nmanagenent of
the total file, both spatially and in nore conventional fas-
hions. TIGER will result in an integrated system capabl e of
performng the follow ng three mmjor geographical functions:
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1, assignnment of residential and business addresses to a
geographic location for data collection

2. provision of the geographic structure for tabulation and
publication of the collected data

3. production of cartographic products to support data col -
| ection and publication operations.

2.4.2 Etak Map

The Etak Navigator (Section 2.1.5) requires nmap information
to update its dead-reckoning display and to conpute destina-
tion positions. In order to neet the many map requirenents of
t he navigator design, a topologically-structured digital map
data base was sel ected. Such a system defines significant
points, lines and areas - along with their incidence rela-
tions. Maps structured in this manner can be conpactly stored
and easily searched, nodified and manipulated. Cultural and
geographic features can be associated with any data item
Exanpl es include elevation linked to point, street nanes
linked to lines, and terrain features or cities linked to

ar eas.

Etak uses the GBF/DIME file as the primary source of street
nane and address information. Coordinates are principally
obtained from either United States GCeol ogical Survey topo-
graphi cal maps, or from aerial photographs. Etak has devel o-
ped a nmapping process which provides approximately a three-
fold inprovenent in productivity per napping-person-hour over
earlier techniques.

The Etak map data is within 50 feet (16nm) of ground truth as
given by U S. GCeological Survey 7.5 quadrangle topographica
maps, and has a relative accuracy of 15 feet (5 m wthin
each map. Etak's claimof 5 mrelative accuracy neans that
corner points defining curves within street segnents are po-
sitioned such that the street nodel is at all points within 5
netres of the street centre line.

2.4.3 Navigation Technol ogies Navigable Database

The value of a digital map database is enornously enhanced
when the map is not only descriptive, but also navigable.
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"Navi gabl e" neans that enough detail is provided on roadway
characteristics (eg. carrying capacity, turn restrictions,
address ranges, . ..) to permt high quality routes to be
plotted, given only starting and ending points. Such a com
put er accessibl e database beconmes the basis to be inmagined,
Navi gati on Technol ogi es Corporation (formerly Karlin & Col -
lins Inc) has taken the lead in building a fully navigable,
val ue- added dat abase covering the 100 largest cities in the
U.S. and Canada. Once conplete, this electronic North Anmeri-
can street map will be a unified, 20-gigabyte, continuously
mai nt ai ned online navigable database - acconpanied by a com
prehensive environnent to support and exploit the data re-
source (Ref 59).

2.4.4 Canadi an Experience

The digitization of map data in Canada has been under way now
nearly a decade. The Topographical Survey D vision/Surveys
and Mapping Branch of Energy, Mnes and Resources Canada has
already digitized - for its 1:50 000 NTS data base - all of
Southern Ontario (including Metro Toronto), and expects to
have Quebec City-Wndsor corridor available early 1989. There
is no scale for the data itself, other than what can be iden-
tified fromthe 1:50 000 aerial photography, ie:

m ni mum 6nmx6m buildings will appear (30mx 30m will be
plotted to scale)

churches, schools, etc identified by nane/text attached
all transportation facilities and trails
drai nage / hydrography / bush /

contours at 10m intervals.

Codi ng schene and file format which is used to code data is
the Intergraph Standard Interchange Format (ISIF). EMR s data
is presently raw, or non-relational spaghetti data - ie.

there is no structure as such, only pure data points and line
strings. Specifications wll be ready shortly for structuring
the data and for handling adjacency and nodes at I|inear in-
tersections. The latter effort wll be done by sem -automated
batch processing, as oppose to introducing them at the tine
of capturing the data (which is tinme consum ng).
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EMR s publication 'Topographic Mpping Manual of Digital Com
pilation Specifications and Instructions' discusses in de-
tail: digital mapping features, nethods, conventions, file
col our codes and cartographic editing procedures.

In Ontario, a 1982/83 user needs study (of 4 nunicipalities
and 107 groups in the provincial governnment) about conprehen-
sive geographical referencing system culmnated in a 'Sem nar
on Land-related Information Systens' (12-13 Decenber 1983),
sponsored by Mnistry of Natural Resources. Since that tine
maj or efforts have been under way in several mnistries
namely Natural Resources, Health and recently MIO - to digi-
tize map data. As part of this effort, MR has published
"Syntactic Structure for Map Data Interchange' - covering the
i nterchange of data for napping applications.

The Central Mapping Agency of Metro Toronto has devel oped,
and is presently in the process of refining, 1:10 000 digita
mappi ng specifications - which outline levels and graphic
data classes for all features to be digitized, Wile it is
also in Intergraph Standard Interchange Format (ISIF) - and
not conpatible with MNRs Map Data Interchange Format (MDD F)

its permanent feature codes are different from EMR s. Cor-
relation tabulations will need to be devel oped.

Sof tware devel opnent has been al so underway to automate the
data entry process into three steps (eg: by QC Data in an
PC/ AT environnment) using the follow ng:

1. "scanner", a sophisticated photographic device contai-
ning an array of carefully aligned caneras, produces a
stylized black-and-white picture of the original map
made up entirely of dots

2. "vectorizer" generates digital data, based on statisti-
cal guesses about which dots join into |lines and how
intersecting lines connect (result: digital spaghetti
dat a)

3. "untangler" software allows the user to edit the digital
spaghetti map quickly:
classify and tag categories of information

build up, layer-by-layer, an accurate representation
of the original map into the conputer's nenory.
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2.5 FEATURES MATRI X ON CURRENT SYSTEMS

A matrix conparing nunmerous features of current nobile infor-
mation systens that include navigation capability has been
prepared to provide an overview of the state-of-the-art as of

w nter 1987-88.
2.5.1 Potenti al Classification Attributes

Typi cal system attributes used to classify or describe auto-
notive navigation system features are as follows:

*

Navi gati on Techni que

Dead Reckoni ng

Cdoneter
Differential odoneter

Conpass
Clﬂgr

Proximty Beacon
Radi o Location

Satellite
Loran C
O her

Map Mat chi ng

System Functi ons
Vehicle |ocation
Destination |ocation
Rout e gui dance
O her

Driver Interface
Audi o
Sinmplified display
Detai |l ed display

Map Storage
Hard copy
| mmge encoded
Vect or encoded

* Datal/Voice Comunications

One way

Two way.
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Nunmerous other attributes may also be used for describing or
classifying systens. These include originating organization
(industry type or public sector agency), country, year an-
nounced, availability on the market, etc. Cost is also a po-
tential nmeans for classifying systenms: but too few systens
are actually on the market to nmake it a meaningful classifi-
cation attribute at present.

2.5.2 Classification Scheme

An established classification schene given in EUCO COST 30
bis (Ref 61) basically sorts systens according to their
infrastructure relationship. Stephens (Ref 62) used the sane
schene in a recent conpilation of sone 40 systenms, not all of
whi ch had navigation features. The same schene is incorpora-
ted in the broader schenme selected for the features matrix in
this report:

Conmuni cati on

Cl ass Descri ption Li nkage
* Cass 0 Sel f-contained vehicle systens None
* dass 1 Area broadcasting One-way to veh
* Cass 2 - Local roadside transnitter One-way to veh
* dass 3 Mobile radio systens Two- way
* dass 4 Local roadside transponder Two- way.

Anot her classification nethod used in the matrix is the navi-
gation techni que enployed:

* DR - Dead reckoning of all types

* PB - Proxinmity beacons including |oops, short range FF,
infra-red

* RL - Radio location which includes LORAN-C and satellite
appr oaches

* MM Map matching which may be used to enhance any of
t he above technologies by digital map correlation
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Navi gation and route guidance systens are also classified by
their function:

* LO - Location coordinates of vehicle indicated or
transmtted

* DDD - Direction and distance to destination indicated

* PPl - Plan and position indication of vehicle and
destinction on map display

* RG - Route guidance instructions in real time direct
driver to destination
The map formats used by the vehicular systens are classified
as follows:
* H Hard copy
* M Matri x inmage in digitized form

* V- Vector network in digitized form

The map storage nediumis also used in classifying the sys-
tens (erasable CD, such as Tandy's Thor-CD, has not yet been
i ncl uded) :

* RAM - Random access nenory (including ROW

* MI - Magnetic tape cassette or cartridge
* MD - Magnetic disc

* VD - Video disc

*  CD - Conpact disc

* DAT - Digital audio tape.

The type of visual display used by the systenms to convey in-
formation to the driver is also used for classification

*  CRT - Cathode ray tube
* LCD - Liquid crystal display

*

LUM - Fluorescent, electrolum nescent, etc.
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Audi o out put, which nmay be used to supplenment visual output,
or used in lieu of visual output, falls in two categories:

* A - Annunciation signal (chine, tone, etc.)

* 'V - Voice (recorded, digitized or synthetic).

Driver inputs such as operating node, destination, route se-
| ection paraneters, display selection, etc. are nade through
i nput and display consol es via:

*

KP - Key pad, push buttons or other swtches
* KB - Conventional key board
* TS - Touch screen (CRT)

* MR- Voice recognition

Finally, the systens are classified according to their poten-
tial applications:

*  TA - Travel Advisory
* FM - Fleet Managenent

*

- Traffic Managenent
- Mobile Ofice

™
MO

*  OA - Cccupant Activities
VC - Vehicle Control

2.5.3 Mbile Information Systens Matrix

The features matrix (Exhibit 13) includes all known systens

t hat have been denonstrated or announced during the period
1980-87. Each system listed has actually undergone at | east
some degree of physical devel opnent and/or testing, even if
l[imted to inportant subsystens. Systens that exist only in
the form of an idea were excluded, The few systens that are,
or have been, actually available on the market are indicated
by bold type. Mst systens exist only in the form of a proto-
type or test version: many were devel oped solely for research
and eval uation purposes, and a production version is not
necessarily planned.
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The 'references and notes' colum identifies a source of pub-
lished information for nobst systems - and, in sonme cases,
provides further system characterization. The reference pub-

[ication dates [see Appendix A) give sone clues on when each
system was introduced. In the few cases where no reference is

given, the estimated introduction date is |isted instead.

Note that sone systens have two or nore entries in the sane
feature category. For exanple, Philips CARIN system presently
operates on an autononous basis relative to infrastructure
(Class 0), but the design calls for an RDS receiver for area
broadcasts of traffic data (Cass 1) when this information
beconmes avail able. Nunerous systens incorporate nore than one
navi gati on technol ogy.

It should also be noted that the avail able descriptive nmate-
rial for all systems is not necessarily conplete, and that
interpretations or estimtes were required for some system
features.
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NOTES FOR EXHIBIT 13

Uses two-way infrared data communications with roadside beacons.

Uses optical wand to read locations and destination information
from special maps.

Uses Navstar GPS for radio location.

Prototype uses ROM for map storage; production model will use CD.
Uses Transit satellite system for radio location.

Uses both Loran-C and Navstar GPS for radio location.

Licensed version of Etak’s Navigator.

Two versions: one used matrix map data on tape, the other used
vector map data in RAM.

Uses Navstar GPS for radio location; uses matrix encoded map data
for background, and vector encoded data for road network.

Commercial version of Etak’s Navigator with automatic vehicle loca-
tion and mobile data terminal features.

Uses Loran-C for radio Location; floppy disk contains delivery
itinerary as well as map.

Uses Navstar GPS for radio location.

Provides explicit route guidance on highway network, and given
distance and direction to destination when operating on city
streets.

Commercial version of Sumitomo’s Navigator with automatic vehicle
location feature.

Uses Navstar GPS for radio location.

Licensed version of Etak’s Navigator.
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2.5.4 System Specifications and Configurations

Formal specifications are not generally available for auto-
nobi | e navigation systens because nost are in a early deve-
| opment stage (very few are actually on the market). However,
in many cases, system configuration diagrans are avail able:
representative sanpling of specifications and configurations
avail able for systens listed in Exhibit 13, is presented by
Appendi ces B.|l through B.8 as follows:

Appendi x B.l - Etak Navi gator
Appendi x B.2 - N ssan Delivery Van
Appendix B.3 - Ford Tripnonitor
Appendix B.4 - Mapix Il System
Appendix B.5 - Philips Carin
Appendi x B.6 - Toyota System
Appendi x B.7 - Yazaki System
Appendi x B.8 - Mtsubishi System
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3. HUMAN FACTORS CONSI DERATI ONS

3.1 | NTRODUCTI ON

Recent technol ogical advances of visual displays have resul -
ted in the incorporation of sophisticated information display
and control systens in autonobiles. Mich of the technol ogy
appears to have been adapted from the aircraft industry,

wi thout sufficient regard to the differences in the capabili-
ties and behaviour of typical operators (drivers vs pilots),
and in the operating circunstances (road vs air). A detailed
investigation into the safety and human factors considera-
tions of nobile information display and control systens is
necessary in order to develop design criteria, guidelines,
standards and regul ati ons before these devices can be inple-
mented safely for use in autonobil es.

The information display and control issue is a systens design
issue and requires very delicate systens safety trade-offs.

It should be the duty of autonotive manufacturers to denon-
strate, based upon sound scientific experinmental practices,

t hat new sophisticated display systens for autonobiles are at
| east as safe as the "old car" with a speedoneter, odoneter
and gas gauge. Any additional displays and/or controls should
not decrease the overall safety of the driver-vehicle-envi-
ronment system

The follow ng sections characterize human processing and dri-
ving capabilities, man-machine interface considerations, and
gi ve exanples of interface approaches tried in systens deve-

loped in the United States, Europe and Japan.

3.2 PROCESSI NG CAPABILITIES

3.2.1 The Human Processor

Card, Moran and Newel| assert that humans are limted in
their abilities to cope with a task (Ref 103). However, it is
not easy to determne the exact limting factor. Card et al
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have nodel ed the "Human Processor", suggesting that it is
made up of three sub-processors (Exhibit 14), the:

*

perceptual processor

*

not or processor

*

cognitive processor

These three sub-processors each require a finite anount of
time to process a piece of information but it is relatively
unknown whether they act in a serial manner or in a parallel
manner. A range of tinmes as well as a nean tinme for each of
the processors to act on a piece of information are also pre-
sented in Exhibit 14.

The amount of information processed versus the anount of in-
formati on presented for a human as an information processor
may al so be represented graphically (Exhibit 15). Ideally, of
course, the information processed should be equal to the in-
formati on presented; when overloaded with information, errors
and om ssions occur until a point of breakdown is reached.

The nental and physical processes of a human have a |arge ef-
fect upon driving performance. Card et al present a postulate
known as the "Uncertainty Principle" (Ref 103) which states
that the decision time T increases wth uncertainty about a

j udgnent according to the relationship:

T=1cH, wher e:
H = logy (n+l) for n equally probable events

H= sum [p;j logy (1/P; + 1)] for n events of different
probabilities (p;)

| c = 150 nsec/bit approxi matel y.

Thus, the tine required to decide upon 10 equally probable
events is approximately 0.5 seconds - but after a decision is
made, a reaction to the decision is required and this increa-
ses the total tine. The choice/reaction time, as a function
of the anmount of information to be processed, is presented in
Appendi x C. |
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EXHIBIT 14

THE HUMAN INFORMATION PROCESSOR

, LONG-TERM MEMORY
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EXHIBIT 15

CONCEPTUAL MODEL OF THE HUMAN
AS AN
INFORMATION PROCESSOR OR UNCERTAINTY RESOLVER
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Many of the new autonotive display devices are actually used
for both information output and as a control device. From a
human factors standpoint, they can be addressed in the sane
manner as other vehicle control devices. Fitt's Law states

that the time Tpos to nove the hand to a target of size S
which lies a distance D away is given by:

Tpos = Imlogy (VS + 0.5)

wher e "'m = 100 [70 - 120] nsec/bit

Therefore, it would take approximately 0.44 seconds to reach
all2 inch (1.3 cm target that is 10 inches (25 cn) away.
Note that this is just the tine required to reach the object
at that distance, and that the time Tpos does not consider
the perceptual or cognitive processing tines. The designer
nmust consider both the size of the control device and the

di stance between the operator and the control so as to mni-
mze the time required to reach a control

3.2.2 Age, Alcohol and Drug Effects

Age, alcohol and drugs all tend to adversely effect the pro-
cessing capabilities of a human. Moraal clains that aging
causes a slow ng of behaviour which is for the nost part due
to a lower signal-to-noise ratio. This is to say that as a
person ages, the strength of the signals that are sent to the
cognitive processor become weaker. Thus, since the signal is
weaker, a larger anount of time is required to illicit a res-
ponse from the person (Ref 116).

Al cohol and drugs act in a simlar manner. Zwahlen perforned
a study where the response uncertainty/choice reaction tines
were neasured for 12 subjects who were not under the influen-
ce of alcohol - and then for the sanme 12 subjects under the

i nfluence of alcohol at a BAC (Bl ood Al cohol Content) of app-
roximately 0.10% Wen the subjects were sober they had an
average response uncertainty/choice reaction time of 0.83s:
but when under the influence of alcohol they had a response
uncertainty/choice reaction tinme of 0.88s. It is expected

t hat hi gher BAC values would result in even further degrada-
tion in reaction time. (Ref 130)
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3.3 DRI VI NG CAPABI LI TI ES

3.3.1 Driving Capabilities and Safety Considerations

McCorm ck and Sanders illustrate that approxi mately 55% of

all traffic accidents are due to hunan error alone and that
an additional 30%can be attributed to a conbination of hunan
error and environnental factors (Ref 114). Human behaviour is
nost susceptible to error and greatly influences the man-
machine interaction. Autonotive systens shoul d be designed
primarily considering both the physical and nental capabili -
ties of the hunan.

Visual information is the nost inportant aspect of a driving
task. The driver is responsible for processing visual infor-
mation which is both external and internal to the vehicle.
The time sharing of visual information has its largest error
effect upon tasks which have a greater anount of uncertainty
and whi ch depend upon short-term nenory according to MCor-

m ck and Sanders (Ref 114). A conceptual nodel for an infor-
mation acquisition task is presented in Exhibit 16. Note the
hypot hesis that less and less information is available to the
driver with the increase in |ooks. This result was observed
by Zwahl en in a study invol ving subject response to unexpec-
ted windshield wiper failure Ref 128). There seenmed to be a
stress related visual "after effect” caused by the sudden

w per failure even after the use of the w pers was returned.
This "after effect” was probably due to the stress associated
with the lack of information available to the driver during
the w per failure.

External visual information has priority in a driving task
based on the research of Zwahlen who states that "in order
to maintain proper direction and lateral vehicle position o
the road the driver nust make a continuous string of eye
fixations ahead of the car" (Ref 125). This statenent re-
flects earlier research in which x-y density plots of the
driver's eye fixations were determ ned using a corneal re-
flection technique (Ref 126 & 129). Note Appendix C. 2.

It has been docunented by research (eg: Appendix C 2) how im
portant it is that the driver maintain visual contact with
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EXHIBIT 16

CONCEPTUAL MODEL FOR DRIVER INFORMATION ACOQUISITIOGN
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the roadway and that diversions of the driver's attention
into the vehicle should be mnimzed to ensure proper and
safe lateral control

Ot her factors that influence the driver's visual information
that are external to the vehicle are: the time of day and
the location of an object to be detected in the visual field.
Zwahl en concluded that there is a lower margin of safety du-
ring nighttine driving than during daytinme driving. This is
due to the reduction in the foveal preview distance of the
driver during nighttime driving (Ref 126). Another study also
showed that a driver's peripheral vision is very limted, at
best, for detecting a single object in the peripheral field
of view and is alnpst non-existent for detecting multiple ob-
jects in the peripheral visual field (Ref 123). Kantowi tz and
Sorkin state that even when a target is located in the foveal
field of vision during a fixation, objects in the background
tend to have a deleterious effect on target detection and re-
action time (Ref 112).

Vi sual information which is internal to the vehicle is also
important for maintaining vehicle safety. However, the eye
does have a finite acconmodation tinme as pointed out by Gam
ber g- Dani el sen who determ ned that the tinme involved for a
driver to nove his/her point of visual fixation from a posi-
tion 20 moutside the vehicle to the speedoneter on the dash-
board, and for the I enses to acconmmopdate on this new fixa-
tion, was approximately 0.4-0.8 s for persons under 40 and
approximately 2.0-2.7 s for persons above 60 (Ref 107).

Combining these results with those of Zwahlen (1986) we find
that if a 60 year old person were driving a 6ft wide (183cm
vehicle in a 10ft (3n) w de lane at 30 MPH (48 km h) and t hat
person nmoved hi s/ her eye fixation fromthe roadway to the
speedoneter, then the probability of that person laterally
deviating out the lane during this acconmodation time would
be between 1.25% and 3.0% These probabilities do not con-
sider the time to read the information and to refixate (and
accommodate) on the driving task on the road ahead. Thus, it
is of utmost inportance to mnimze the tine spent fixating
on information presented inside the vehicle.
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A sunmary of eye scanning results, which are related to the
#attentional demand placed on a driver, as determned in four
different studies is presented in Appendix C. 3.

Senders et al also found that a driver needs a m ni num of

0. 25 seconds of highway viewing tinme to obtain a sufficient
anmount of information to maintain control of the vehicle and
that a viewing tine of 0.5 seconds provided the driver with
nearly all the available information. In fact, an increase
viewing time to 1.0 seconds provided the driver with very
little additional information (Ref 119). This is illustrated
in Exhibit 17.

3.3.2 Human Capabilities and Limtations

Maj or human capabilities and limtations related to driving
can be summarized as foll ows:

1. single channel processor

limted information acquisition and processing capacity
limted acuity in peripheral visual field

finite accommodation speed of |ens

i nfluenced by age, alcohol, drugs

time delays in neural system

finite speed for nmovenents (controls)

© N o g s~ w DN

i nfluenced by glare, level of illumnation, wave |ength
dark adaptation

9. influenced by enotions, fatigue, boredom
10. driver expectancy framework, risk-taking behaviour.
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EXHIBIT 17

HIGHWAY VIEWING TIME REQUIRED BY A DRIVER TO OBTAIN
A CERTAIN PERCENTAGE OF REQUIRED DRIVING INFOBRMATION
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3.4 MAN- MACHI NE | NTERFACES

Most of the new devices are also under the control of sone
type of mcroprocessor. Therefore, the interaction between

t he human and the conputer is an inportant design considera-
tion. Mtchell et al state that “.. systens nust address the
probl em of providing interfaces between the human and conpu-
ter which facilitate the human's ability to interact with the
systemin a rapid and effective manner with as little effort
as possible" (Ref 115). Every device used on an autonobile
regardl ess of the type, nust be designed such that a nmaxi mum
nunber of people can use it with little or no difficulty. The
interface between the man and machi ne can be broken down into
two sub-categories, the output interface and the input inter-
face: and they will be discussed in this manner

3.4.1 Man-Machine OQutput Interfaces

When di scussing the possible information output interfaces
bet ween the human and the autonobile (or autonotive conpu-
ter), two nethods of presentation are basically used: visual
presentation nethod and aural presentation nethod. One could
argue that there is a third information presentation nethod
in the formof a tactual presentation - however, a discussion
of this will be deferred to the input interface section

When di scussing the manner in which to relay sone information
to a driver, nost generally a visual presentation is thought
of first; but a visual display may not be the best node of
transm ssion for some information. Simmonds and Galer (Ref
121) introduce guidelines which indicate that a visual pre-
sentation should be used if the:

1) message is conplex

2) message is long

3) message needs to be referred to later

4) message deals with location in space
5 message does not call for inmediate action
6) auditory system of the person is over-burdened
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7) receiving location is too noisy or the person can renain
in one position.

A possible alternative or supplenent to visual displays is
the use of auditory infornation presentation. The beep heard
when the keys are left in a vehicle's ignition is an exanple
of auditory information presentation. Simmonds and Galer (Ref
121) explain that auditory presentations should be used if

t he:

H

) message is short

) nessage is sinple

) message will not be referred to later
) nessage deals with events in tinme

) message calls for imediate action

g1 b~ W N

vi sual system of the user is overburdened

6)
7) receiving location is too bright or dark-adaptation is
required

8) the person does not remain at the same l|ocation relative
to the display.

a) Man- Machi ne Qutput Interfaces - Visual

If it is determned that a visual presentation nethod is best
suited for use in a particular application, then the best
format for the information nust be determ ned. The basic
types of display fornmats are quantitative, qualitative (in-
cluding status and warning lights), alphanuneric and repre-
sentational displays. Many tinmes a single display is used to
present a conbination of two or nore of the basic formats

whi ch seens to be the case with nost of the sophisticated
displays that are presently being introduced.

Quantitative displays present a numerical value of sone
variable. A digital speedoneter is an exanple of this type of
display which is being utilized by several vehicle manufactu-
rers at the present time. Digital presentation of the numeri-
cal value is preferable if precise values are required and if
the values remain visible long enough to be read. Simmonds
and Galer (Ref 121) state that 15 minutes of visual arc is
the optinmum subtended angle in electronic displays for the
character size. Under adverse conditions this nmay be even
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greater and the designer should account for this. Murant
clains that the blur and contrast effects are insignificant

at approximately 27 minutes of visual arc (Ref 117). MCor-
m ck and Sanders state that if the display has an anal og
nature, that is to say that a scale and pointer are used,
then the scal e should have markers for the degree of accuracy
to be obtained (Ref 114). They also state that the scale |a-
bel s should progress by I's or 5 s or multiples thereof such
as 1, 2, 3 or 10, 20, 30 and pointers should not obstruct the
view of the person trying to read the scale

Qualitative displays are used to present an approxi mate val ue
for sone continuously changing variable. An exanple of this
type of display is a tenperature gauge for an autonobile en-
gine which inforns the driver if the engine tenperature is
"cold", "normal" or "hot'. These displays can take many forms
but Wozniak et al found that a vertically formatted display
with vertical bars the length of which indicated the engine
status is the best when conpared to a circular formatted dis-
play or a vertically formatted display with a noving pointer
(Ref 122). If a display is used for check reading then the
desired operating range should be indicated on the display.
This applies to a panel of displays also - but, in addition
to this, all the pointers should be formatted such that they
are all in the sane position in the normal range of opera-
tion. This helps the operator to reduce errors in reading the
di spl ays.

McCorm ck and Sanders explain that if a qualitative display
is used as a status or warning light then the operator should
consi der using coloured lights, flashing lights and deternine
the proper foreground-to-background |um nance ratio (Ref

114). They suggest that red be used to signal danger, a flash
rate of 3 to 10 per second and a foreground to background
ratio of 2:1. Green gives several guidelines for the use of
qualitative displays in autonmobiles (Ref 108). These include
using displays that increase upward or to the right, I|abeling
the normal operating range with either the words "normal" or
"K' and using bar type displays rather than nuneric dis-
plays. O her guidelines are also given
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Al phanuneric displays are intended to be used to relay wit-
ten nessages. The effectiveness of these displays is based
upon the user's ability to interpret the witten nessage.
Mourant found that response tinmes varied from a maxi mum of
5.7 seconds using small 0.23 cmletters at a contrast ratio
of 1.25:1 to a mninmumof 1.5 seconds using large 0.84 cm
letters at a contrast ratio of 25:1 (Ref 117). Therefore the
stroke width, font, width-to-height ratio and size of the
letters nust be carefully selected. A stroke width of 1:8, a
M L-M18012B font or San Serif font, a mnimumw dth to
height ratio of 3:5 a character size of 0.2 inches (0.5 cm
to be read at 28 inches (71 cm, and the use of capital let-
ters are suggested by MCorm ck and Sanders. Simonds and
Gal er (Ref 121) suggest that the brightness of electronic

di spl ays shoul d be adjustable in a range of 500 to 60 000
lux, and the displays should have sufficient contrast to in-
sure easy readability.

Represent ational displays are used to convey pictorial or
symbolic information such as a map. These displays are the
nost |ikely candidates for future use by autonobile manufac-
turers but very little information regarding their use is
avai l able. Buick has already introduced a "G aphic Control
Center" (GCC) in their Riviera nodel. MCormck and Sanders
state in general that a noving object on a fixed background
shoul d be used in these displays and that unnecessary detai
shoul d be avoi ded.

Visual coding of information is an inportant consideration
for any of the described types of displays, especially colour
coding. Krebs (Ref 113) explains that colour coding is help-
ful if the:

- display is unformatted

- there is a high synbol density

operator nust search for relevant information
- synbol legibility is degraded
- colour code is logically related to operator task.

| SO Standard 2575 designates that for warning |ights, colours
are to be used in the follow ng manner:
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Red -> danger to a person or very serious damage to
equi pment is inmrediate or inm nent

Yel |l ow -> caution, vehicle system mal function, danger in
vehicle likely or hazard

G een -> safe, nornal operation
Blue -> driving beam (high) only
VWhite -> other conditions.

Simonds and Galer state that colour should be used to group
di spl ays but caution the designer not to use red-green or
yel |l ow-blue pairs (Ref 121).

Visibility of a display is also inportant as pointed out by
Simmonds and Galer (Ref 121). They explain that for good
visibility a display should be laid out such that the plane
in which the displays lies is perpendicular to the |line of
sight, the driver's view should be unobstructed by the steer-
ing wheel etc, and the distance between displays should be
mnimzed to reduce eye novenents. They are also quick to
cauti on however that some displays should be separated to
avoid confusion. Seeberger (Ref 118) also highlights the im
portance of a properly laid out instrunent panel

One possi bl e design guide to be used when designing a visual
display is presented in Exhibit 18. The graph is based upon
the work of Senders et al (Ref 119), Zwahlen (1979 Tunnel
Study) and Zwahl en (1985 RRPM Study). Note however that these
val ues are for very undenmanding driving situations only (tan-
gent sections/very light traffic/90 kmh) and woul d have to
be nodified to consider nore stressful driving situations
(such as curve driving or heavy traffic).

There seenms to be little or no research which has been per-
formed to conpare the advantages of one type of display tech-
nol ogy over another. Although, the ANSI Standards for VDTs,
which were still in draft formas of July 1986, could be uti-
l'ized as m ninum di splay performance requirenents. The infor-
mation that is available deals prinmarily with the evaluation
of a CRT based display. |sensee (Ref 111) comments that when
a CRT is placed in the periphery of the visual field of a
person, flicker fromthe screen beconmes nmuch nore apparent
and annoying to the person. To conbat this problem|sensee
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EXHIBIT 18

POSSIBLE DESIGN GUIDE TO0O BE USED WHEN
DESIGNING IN-VEHICLE DISPLAYS OR CONTROLS

- Tangent Sections of Roadway Driving & Very Light Traffic -
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suggests that the video |um nance shoul d be reduced but the
reduction should not be to such an extent that the legibility
of the display is decreased.

Chao et al used the subjective scaling of subjects to eval u-
ate sonme digital inmagery which was displayed on a CRT (Ref
104). They were able to determine that the interpretability
of the screen decreased as the signal to noise ratio decrea-
sed. They also found that a reduction in the interpretability
was nore distinct with increasing degradation of the screen.
Si monds (Ref 120) presents a bl ock di agram which outlines
maj or considerations in the design of autonotive visual out-
put devices (Appendix C4). This diagram has been nodified
and expanded for this study, and is presented in Exhibit 19.

b) Man- Machine Qutput Interfaces - Auditory

There are many instances where an auditory information pre-
sentation is desirable for use in an autonobile based on the
gui del i nes of Simmonds and Galer (Ref 121). MCorm ck and
Sanders (Ref 114) give nore specific guidelines for warning
and al arm signals, such as:

use frequenci es between 200-5000 Hz and preferably bet-
ween 200- 3000 Hz

use frequencies below 100 Hz when signals have to travel
| ong distances

use frequencies bel ow 500 Hz when signals have to bend
around corners

- use a nodul ated signal of 1 to 8 beeps per second

use signals with frequencies different from those that
dom nate the background noi se.

Si gnal s shoul d be discrimnable fromone anot her and where
feasi bl e use a separate conmmuni cation system Simmonds and
Gal er agree with the recommendati ons of McCorm ck and Sanders
but add that overloading of the auditory channels can lead to
irritation and stress and should be avoi ded. Hakkinen and

W liges (Ref 109) assert that an alerting cue should also be
provi ded before a nessage is sent in order to mnimze the
probability of the message being m ssed.
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Many human factors experts feel that speech can be used to
relay nessages since it is the nost natural communication
channel used by nman. Edman states that when using a speech
presentation node, digital or prerecorded speech is best (Ref
105). Edman al so expl ains that speech should be used:

1) when communication flexibility is necessary

2) when it is necessary to determ ne source of nessage

3) when a stressful situation mght cause the listener to
forget the nmeaning of a coded signa

4) when a coded signal can not give anple instruction
5) when anbi ent noises obviate the use of tonal signals
6) when tonal possibilities have been exhausted

7) for continuous information.

Simonds and Gal er suggest that 250 words per minute is the
maxi mum rate of transm ssion. They also give two warnings:

1) industrially induced hearing loss occurs in the speech
bands and coul d have serious inplications for speech
communi cation, and

2) auditory messages should not be used to solely present
important information since there is a possibility that
the driver of a vehicle is either partially or fully
deaf .

3.4.2 Man-Machine Input Interfaces

Several of the new display systems are actually al so used for
controlling some vehicle function - therefore, the placenent
of such displays critically effects their useful ness. Proper
pl acenent cannot be achi eved wi thout correct anthroponetric
data. The placenment of controls should be based on the data
to cover fromthe 95th percentile males to the 5th percentile
f enal es.

The type of controlling device also effects the driver's abi-
lity to use the control. Rather than using conventional knobs
and levers, several manufacturers are considering the use of
"touch screens". Albert found that the touch screen was a
very fast method of controlling a screen cursor when conpared
to other devices - however, he also determined that the touch
screen was very inaccurate since the users viewis obstructed

92



during the screen touching. Another draw back to the use of
touch screens is that many times a user may be wearing gloves
during the operation and provisions nust be nmade to handl e
this situation. Also, with a touch screen, the user is requi-
red to look at the screen in order to use it whereas with
conventional controls the operator can "feel" the control and
therefore need not look at it. Thus, the "feel" of the knobs
could actually be considered a tactual information output
interface.(* Further, the dynamcs involved in trying to
performa control sequence on the touch screen, when the
vehicle is in notion in such a way that the autonobile is
bounci ng and shaking, may nake the controlling task too dif-
ficult for some drivers.

Zwahl en and DeBal d undertook a study using a sinulated CRT
touch screen mounted in an automobile (Ref 132). The screen
was nodel ed after 1986 Buick R viera's "Gaphic Control Cen-
ter" display. Subjects were asked to performtypical control-
ling functions using the sinulated touch screen while driving
40 MPH (64 knmih) down an unused airport runway under ideal
driving conditions. The results of the study showed that a
driver has probabilities of 2.3% and 12.9% of laterally devi-
ating out of the lane for lane wdths of 12 feet and 10 feet
(3.66m & 3.05m respectively.

Zwahl en and DeBald recommend that in the devel opnent of dis-
pl ays, tasks requiring subsequent control inputs by the user
shoul d be broken up and presented to the user as distinctly
different operations; and/or the nunber of touches required
by the user should be reduced; and/or the touch areas of the
CRT touch panel controls should be enlarged, in order to al-
low intermttent eye fixations on the road scene ahead and
internediate vehicle path corrections during the conpletion
of the task. They also feel that at the present, the touch
panel controls require a reading-processing-acting time which
is far too great in terns of the nmeasured |ateral |ane posi-

‘) Cviously the surface of a touch screen could incorporate (a few) dif-
ferent textures to make it easier for the driver to know (1e. feel)
the command area fromwhich he is about to release his finger. These
different texture surfaces would then simulate, at least to some ex-
tent, set of function keys or regular swtches
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tion standard deviation values at the end of operation tines
for relatively sinple tasks (eg: setting the clinmate controls
or turning on and finding a desired frequency on a radio),

An additional method of inputting control information which
has been discussed in sone circles is the use of speech
recognition systens. These types of systenms would elimnate
the need for the driver to divert his/her visual attention
fromthe road and would elimnate the need for the driver to
remove his or her hand fromthe steering wheel in order to
mani pul ate a control, thus the safety of the systemwould be
enhanced. These types of interfaces are however still in the
devel opnent stage since the recognition of voice input is a
very difficult task (in an autonotive environnment) and thus
far has only limted reliability. A so, the designer nust be
careful not to inplement these systens so that they solely
control functions since it can not be assumed that the driver
I's capable of speech or that the driver speaks and/or under-
stands the | anguage which is being used to present the nessa-
ge. This may be true of any driver under extrenely stressful
situations.

3.4.3 Concluding Renmarks

The use of sophisticated in-vehicle displays will continue to
escalate in the future. However, until suitable standards and
regul ations have been developed, it is recommended that the
use of the new displays should be approached with extrene
caution: in some specific cases and for some specific purpo-
ses shoul d possibly be abandoned altogether. Wiile there

m ght exist several benefits fromthe use of sone sophistica-
ted displays (map displays: optiml route guidance, fuel and
time savings, etc.), the trade-offs with regard to safety

i ssues nmust be done with caution and nmust be based upon solid
experimental data. The safety of the driver, passengers,

other drivers and pedestrians should not be conmprom sed in
any way. Humans nust not be overloaded to the point where
they cannot safely performthe primary task which is driving,
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3.5 USER | NTERFACE APPROACHES

As descirbed above, the approach to the interface between an
on-board navigation system and the vehicle operator and/or
passenger nust take into account ergonom cs and safety consi -
derations as well as functional requirenents. Mst systens
proposed or devel oped to date use detailed map displays or
some conbination of synbolic graphics, alphanumeric messages
and audio signals. Insights on the driver interface issue nay
be gai ned by sunmari zi ng approaches that have been tried or
pr oposed.

3.5.1 Uni ted States

Some of the npbst serious research on driver interfaces was
done in connection with the ERGS project of the late 1960's
(Ref 20). The ERGS vehicle unit back-illum nated various com
binations of arrows and words on a guidance panel. Tests were
al so conducted with "heads up" displays which projected

si npl e conbi nations of arrows and words on the w ndshield so
that the driver did not have to renove his eyes fromthe road
(Ref 51).

In the early 1970s, ARCS - an automatic route control system
devel oped for operation over programmed newspaper routes -
used prerecorded audi o route guidance instructions during
extensi ve operational tests (Ref 13). This approach worked
wel |, but tape recorded audio instructions were awkward to
prepare and control, and synthesized speech was not yet avai -
| abl e. Therefore, an inproved version used a plasnma display
panel to give route guidance in the formof shaped arrows
along with street names, etc. (Ref 40). Subsequent research
reported by Streeter (Ref 52) established that drivers who
listened to directions drove to destinations in fewer mles,
less time, and with about 70 percent fewer errors than dri-
vers using custom zed route maps.

The next generation of systens devel opnment in the United
States used CRT displays for the driver interface. These
included satellite-based navigation systems denonstrated by

95



Ford (Ref 31), Ceneral Mtors (Ref 29), and Chrysler (Ref

32), all of which displayed detailed map inmages. Etak Naviga-
tor, the only advanced autonotive navigation systemactually
on the market in the U S., carries the trend a step further
by displaying a map that rotates to match vehicle heading

(Ref 14). Lettering also rotates to make the text continually
readable to the user.

3.5.2 Europe

Eur opean aut onobi |l e navi gati on system desi gns sel dom use el a-
borate visual displays for the driver interface, One excep-
tion was the first version of the Philips CARIN system (Ref
41) which includes a colour CRT map display for show ng ve-
hicle location relative to the surroundings. CARIN includes
synthetic voice for conveying instructions to the driver when
operating in the route guidance node. Another exception is
t he Bosch-Bl aupunkt |icensed version of Etak navigation unit.

The earliest exanple of a route guidance systemincorporating
automati c route generation using on-board digital maps was
"Mcropilot" developed in England in 1981 (Ref 53). This sys-
tern used an audio interface in the formof a digitized voice
- not speech synthesis - with a vocabulary of 26 words.

West German designs invariably use sinplified visual dis-

pl ays, sonetinmes in conbination with audi o messages, for con-
veying route instructions to the driver. Virtually all West
German systens to date use sone conbi nation of short visua
messages, synbolic graphics and/or voice.

One exanple is the route gui dance system described by Haeus-
sermann (Ref 54). Wen on hi ghway networks, this system uses
a 2-line LCD display with 16 characters per line to give the
next route point and remaining di stance. Wen on city
streets, an alternate LCD display with a pointer indicates
the direction of the destination, and shows nunerals to in-
dicate the remining distance.

The first generation EVA system devel oped by Bosch- Bl aupunkt
al so uses sinplified graphics to convey route instructions
(Ref 43). The original prototype includes differential odo-
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meter, map data base with map matching, and route search
software to generate explicit route guidance instructions.
The main display includes a vertical LCD panel for graphics
and a snall horizontal LCD strip for character display. Voice
capability is included, and is used to confirmdestination
entries. Turns at conplicated intersections, |ane changes,

etc are specified to the driver in the formof sinplified

di agranms whi ch show | ane boundaries and use arrows to indi-
cate the path to be taken.

Bosch- Bl aupunkt al so provides the interface equipnent for the
ALl - SCOUT system a joint project of the West Cernman Govern-
nment, Sienens, Vol kswagen, Bl aupunkt and others. ALI-SCOUT is
al so a route guidance system but rather than being autono-
mous, it depends upon the reception of area road network data
and recommended route data broadcast fromstrategically |oca-
ted IR beacons (Ref 24). Driving directions are presented
much the same way as in EVA, but with an additional feature
simlar to the "Wl fsburg wave" (Ref 53a). The Wl fsburg wave
is essentially a bar graph that, in this application, gives a
"count down" to the exact point where the vehicle is to turn,
thus clearly delineating anmong closely spaced turns.

Destination input, as well as systemcontrol, for ALI-SCOUT
(which will be subjected to large scale user tests in \West
Berlin starting 1988) is via a hand held wireless renmote con-
trol unit with shift keys for al phanuneric information. Thus
initializing the systemfor a trip will be nuch l[ike renmotely
progranmm ng a VCR, and may be done by anyone in the autonobi-
le (an inportant safety consideration).

3.5.3 Japan

Current driver interface approaches for Japanese autonobile
navi gation systems seemto align nore with those of the U S
than with Europe. Japan's first major step toward route gui-
dance was the CACS (Conprehensive Automobile Traffic Control
System) project (Ref 22) of the 1970s which was patterned af-
ter the U S. ERGS (Electronic Route Cuidance System project
of the late 1960s (Ref 20). Like ERGS, CACS used sinple com
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bi nations of direction indicators and descriptors to indicate
routes to be taken.

Aut ononous navi gation systens started appearing in Japan in
the early 1980s. The Nissan Driver Cuide System (Ref 54a)

di spl ayed information in a sinplified graphical form"in or-
der to nake the bearings and distance to the destination ea-
sily viewable while driving." Directional arrows showed the
direction to the destination, and a bar graph indicated the
fractional distance renaining.

Appearing about the sane tine was the Honda "Electra Gyro-
Cator" navigation system (Ref 55) which used a CRT display to
show a plot of the vehicle's path. Location could be estab-
lished by using a transparent map overl ay.

Subsequent systens shown in Japan incorporate col our CRT map
di spl ays. These include systens displayed by several autono-
bile manufacturers at the COctober 1985 Tokyo Auto Show (Ref
21). Anot her exanple of recent directions is a Loran-based

Ni ssan delivery truck system which al so uses a col our CRT map
di splay (Ref 66).

New i ntegrated systens approach currently under joint deve-

| opment by Japanese industry and governnent groups potential -
'y includes an on-board conputer, CRT display, conpact disk
with road network data, dead reckoning sensors, roadside

el ectronic signposts for location confirmation as equi pped
cars pass within range, and map matching to augnent dead rec-
koni ng between signposts (Ref 21).
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4. MARKET PERSPECTI VE

4.1 APPLI CATI ON AREAS

4.1.1 Applications & Benefits

The primary functions of conventional vehicle 'navigation'
systens are positioning, navigation and route guidance, ie.
the systens are usually designed to:

identify the vehicle's (map) position, thereby nmaking
possi bl e basic rudi nentary navigation by the driver or
passenger (or location nmonitoring by a dispatcher), and

- give (advance) advice on the best route to take to reach
the original, or a newy established, destination

However, fully devel oped nobile information systens can be
expected to provide a broad range of capabilities in the
future, making them adaptable to nany different circunstan-
ces. Six major possible application areas can be identified,;
the nanes of these areas also, in effect, describe the pur-
pose(s) for which nobile information system nay be used

* *

travel advisory mobi |l e of fice

* *

fl eet nmanagement occupant activities

* *

traffic managenent vehi cl e/ driver nonitoring

and control.

The primary expected benefits (or goals) of future nobile po-
sitioning/navigation/information systens - and the means of
achi eving these benefits (with the help of the systens) - are
summari zed in point form for each application area in Exhibit
20. No distinction is nade as far as the actual system user
Is concerned; all user groups may be equally concerned about
‘optimzing' their routes - albeit probably based on diffe-
rent priorities or preferences (eg. shortest vs nost scenic).
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APPLICA-
TION AREA

TRAVEL
ADVISORY

FLEET MGT

TRAFFIC
MANAGEMENT

MOBILE
OFFICE

OCCUPANT
ACTIVITY

VEHICLE
/DRIVER
MONITORING

EXHIBIT 20

PRIMARY BENEFITS OF MOBILE

INFORMATION SYSTEMS

IN THEIR MAJOR APPLICATION AREAS

PRIMARY BENEFIT

Minimize casts

Increase overall efficiency

Maximize enjoyment

Maximize efficiency
Improve level of service
Increase equipment utiliztn
Increase security

Provide mgt information

Increase public transpor-
tation productivity

Utilize corridor capacities
more fully

Temper growth in new traffic

Increase safety

Extend office capability
into the vehicle

Increase enjoyment

Save money and time

Increase road safety

Reduce vehicle costs

MEANS OF ACHIEVING

optimize route selection & travel timing
minimize number of lost motorists

provide marketing & community information

provide road side/attractions information
provide on-board entertainment & education.

optimize P& path & load consolidation
monitor vehicle and shipment location
predict vehicle and driver availability
provide convoy mgt & automatic tracking
accumulate operating statistics

provide
provide

information on park&ride facilities
information on departures/arrivals.

support fwy/art traffic management systems
support preferential treatment of HOVs

support demand management measures: access
control, user pricing, etc

support flow control & incident management
improve law enforcement.

provide customer and product lists
provide paging & dialing & dictation
process invoices, cargo slips,

reduce uncertainties related to travel
provide access to a vast activity library

take full advantage of competitive pricing
on goods and services.

diagnose Likely [vehicle] failures early
increase vision in all directions
monitor driver condition & alert if reqd

support/teach good driving practices
support preventive maintenance program.
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4.1.2 Broader Goals

When nobile information systens are applied in these areas,
they can also contribute to broader environnental and quali-
ty-of-life goals through the follow ng neans:

Goal Means

i ncrease environnental provide environnental information
awar eness provide historical information

conserve resources reduce air and noise pollution

reduce material requirements
reduce hazardous product spills
help transition to livable cities

inprove fairness charge for use of facilities based on space
taken and the time/duration of use
respond to special needs nake driving easier fordi sabl edandaged

decrease transportation stress for all
speed up emergency detection/response

inprove access to information provide mobile on-line access to business,
personal and societal data.

4.2 USER COMMUNI TI ES

Three distinctly different user comunities, or prinmary nmar-
kets, where nobile information systens are likely to be im
plenented, or their capabilities at |east somehow utilized
can be identified:

DI RECT USERS who install the devices in their conpany's or their own
vehicles - for the purpose of obtaining advice to meet
their travel needs, managing their fleet, operating a
mobhile office, providing activities for the vehicle
occupant (s) and/or assisting in control of the vehicle

INDIRECT USERS  who use the information provided by those in-vehicle
devices on the road which transmt on public frequen-
cies or can be polled on demnd - in order to collect
data, assist in traffic managenent, control/limt ac-
cess to certain areas, aid in cargo managenent, apply
user pay, enforce rules of the road, etc

I NTERMEDIARES  who provide public and private information services by
transmtting into vehicles which have units with recep-
tion capability (ie: information on comunity events/
facilities, product marketing, etc).

101



These groups may be considered to include the follow ng:

*

public-at-large
meeting commuting, personal and famly travel needs
accessing general /comunity information
providing in-vehicle activities

private businesses

managenment/control of (vehicle born) operations: pick-
up and delivery, business travel,

customer service (eg. tracking of shipments)

- mai ntenance of conpany vehicles, in support of fleet
managenent information system (FMYS)

for-hire freight carriers

- urban P& and intercity transport, courier services
mai nt enance of conpany vehicles (in support of FMYS)

freight termnals and warehouses

- inproved consolidation of shipnments

- optim zation of P&D operations at dockside

public and private passenger carriers

- buses: intercity regular route and charter, school
schedul ed and denmand responsive (E&H) services

- taxi & shared vehicle fleets
- short and long termrental/leasing fleets

- urban rail transit (for transm ssion of parké&ride in-
formation to car comuters)

mai nt enance of conpany vehicles (in support of FMYS)

government departnents/ministries and agencies (federal,
provinci al and nuni ci pal)

- provision of services to the public, which require:
- the use of (gvt) vehicles for access or delivery

- transmssion of information to all or targeted ve-
hicles on the road (for community nmarketing, etc)

- managenent and delivery of agencies' internal prograns
(eg: nmmintenance of road system resources nmapping,
refuse collection & recycling, utilities, . ..)

national defence (preparedness training, maneuvers]
mai ntenance of agencies' own fleets (support of FMYS)

public and private providers of energency/security ser-
vi ces

- police, fire, anbulance, guard patrols, etc
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* autonobile oriented service agencies and associ ations
- autonotive service centres
autonobi | e users' associations (eg CAA)

tourism and |eisure industry

- lodging industry: hotels, notels, canpsites
activity centres, entertainment conplexes

- tourism bureaus & chanbers of commerce

el ectronic service bureaus
E-nmail, electronic data interchange (ED)
- on-line data bases, videotex, paging, etc

ot hers - driver training schools

A prelimnary coding systemfor establishing a user/supplier/
regul ator contact data base is presented in Appendix D. These
codes have been used to tentatively categorize associations
which, in Canada, would represent the interests of likely
(direct/indirect/intermediary) users of mobile information
systens. A prelimnary associations |ist was devel oped; this
will be useful as a starting point for undertaking nore ex-
tensive surveys and interviews into the needs and require-
ments of these user groups.

No reference lists have been prepared for specific user
groups, such as trucking conpanies, intercity passenger car-
riers, etc. The menbership rosters of their respective asso-
ciations and other publicly accessible directories provide
ready reference for anybody wi shing to undertake a survey of
such user groups.

4.3 SYSTEM FUNCTI ONS

4.3.1 Functions & Features

The above user groups can be expected, in due course, to app-
l'y mobile information systems in nmany innovative ways. This
may wel| parallel the quick expansion of uses to which hone
and office mcro-conputers have been applied. Indeed, nany of
those innovations are readily transferrable on-board vehicles
as soon as nobile systems - containing a nmicroprocessor, Some
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data storage device, an input/output device and a conmmuni ca-
tion nmodule - are installed.

The primary functions and representative features/content
that m ght emerge within each of the application areas are
presented as follows: travel advisory (Exhibit 21), fleet
managenent (Exhibit 22), traffic nmanagenent (Exhibit 23),
mobi | e office (Exhibit 24), occupant activities (Exhibit 25)
and vehicle/driver monitoring and control (Exhibit 26).

It should be noted that while no systemcurrently on the mar-
ket or in the planning stage offers such a range of capabili -
ties, all features are readily (albeit not necessarily cheap-
l'y) inplenentable with state-of-the-art electronics hardware
and software technology - as long as a basic Geographic In-
formation Systemis in place and all required databases and
on-line support systens are inplenmented/tied into the nobile
system network. Therefore - in a strictly technical feasibi-
lity sense - the travel advisory features 'wishlist', for
example, is a realistic one. In the same limted sense, so
are the lists for the other application areas.

An overall functional block diagramfor future nobile posi-
tioni ng/ navigation/information systens is presented in Exhi-
bit 27.
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Function

ROAD MAP

TRAFFIC
RULES

ROUTE
GUIDANCE

EMERGENCY
RESPONSE

PUBLIC
SERVICE
MESSAGES

ROAD SIDE &
COMMUNITY
SERVICES
INFORMATION

EXHIBIT 21

TRAVEL ADVI SORY APPLI CATI ONS

eature/ Content

general road at Las - road network Layout
- major attractions [user-selectable categrs]
street name & route no. & section Length
facility type [Limited access, toll, . ..] & terrain [grade]
addresses: odd&even numbers for upcoming block + pin-point Loctn

speed Limits/parking&turn restrctns/HOV rampsé&lLanes [see TrfMgt]
weight Limits / designated routes (trucks & dangerous goods3 /..
snow clearance [days & sides] /7 special event conditions

CBD circulation maps Lone-way pairs, parking, . ..]

downtown exit guide: find open fwy entry ramps from anywhere
en-route reception of InfoRoad etc + suggested route updates
trip computer [with planned vs actual comparisonsl

traffic responsive, dynamic advisory: reception, storage, dis-
play of traffic control centre signals [see: Trfc Mgtl:

- HAR/AHAR announcements & ramp control [on/off]

- changeable sign messages [actual signs & in-betw Locn messgs]

emergency broadcasts, to capture&store radio+TV alerts
[chemical spills, nuclear disasters, . . N

search & rescue missions in natural and man-made disasters
[guidance to & around site]

emergency CB: transmsn of medical/mechanicl/crime distress calls

- weather & traffic & incidents

- construction & maint. closures

- garbage disposal emergency regulations

general weather alerts: storms, floods,

special events: content & Location & times & parking

transit - route maps & next arrival based on bus Line/stop code
- perk&ride: Location, space available, charges

pass&freight terminals - access & circulation & parking

- carrier Location &dep/arrvils
customs information: rules, Line-ups, .
mobile billboard reception: drunk driving prevention prg,

road conditions

adjacent Lend use & block face information

fuels & repair service / food&Lodgn / rest&picnic sites / prks

electronic bulletin board: community events & ...

yellow pages by store type & product category [eg. 'telefind’]

distributors’ Lists of retailers for certain products

subject registers: Thomas Register & Thomcat [=company catlgs]

videotex: mobile teleguide kiosk [eg. France’'s 'Minitel']

shopping centre profiles: Layout & store Locations by type

in-veh browsing of electronic stores: viewing of ‘Liquid crystal
price panels’ for dai Ly specials &

realty ‘radio’: property data sheet & floor plans
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Function

VEHICLE
& CARGO
POSITION
TRACKING

ROUTE
GUIDANCE

VEHICLE
& CARGO
& OCCUPANT
SECURITY

DRIVER
TRAINING

LAW EN-
FORCEMENT

AMBULANCE
&FIRE

EXHIBIT 2 2
FLEET MANAGEMENT APPLICATIONS

Feature /Z/Content

display of vehicle & shipment Location at control centre

[postal&cour services’ admin vehclLs/tractr trlrs/cargo vans/. . .]

dispatching & rerouting [P&D changes): freight & taxi & emergncy

schedule/route/safety adheranca -> central dispatch intervention

Load factor monitoring & opertn of destination/pass info panels

emergency vehcls control: police & fire & ambulnce & publc utils
[reduce response time + increase officer safety)

motor carriers’ road atlas & intercity routing guides [tolls,.]
industrial site access maps [c/w advance block signals)
maximum dimensions and weights: roads, bridges, tunnels
municipal regulations: truck routes & operating days/hours
heavy specialized carriers’ routes & hazardous cargo routes
road geometrics alerts: recommended max ramp speeds, . . .
weather alerts: wind, icing of road surface, snow squels,
traffic conditions: reasons for delay [incident reports, . ..]
pre-departure/pre-entry advisory: anticipated clearance time

automated emergency response system [AERS] [when parked, . ..]
distress calls - unruly passengers / heist /7 . ..

- help request for disabled vehicles /...
convoy management: commercial & private vehicles
electronic guard dog

video & audio instructions
feedback - driving performance: L/100km & gaps & handling
- rules of the road [from map data base/emitting signs

electronic mug book: picture&description of dangerous offenders
Lost chi lId/adult: picture & description
electronic ‘pin map’ for VICARS (visual integrated crime analy-

Sis reporting system)
patrol routes/schedules/sp. targets: display + random changes
search perimeter [to be sealed off] & route-by-route coverage
electronic house arrest [ankle bracelet extended to vehicle]

Locating [=recovery] of stolen vehicles & cargo
*

dangerous chemicals referral system by Class & unidentified

emergency contacts on building Layout & content
(transmission of floor plans & equipment Locations]

emergency contacts on municipal utilities Locations

incident management teams:commend post communications
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Function

STREET
CONTROL

FREEWAY
MANAGEMENT

VEHICLE
ACCESS

ENFORCEMENT

TRAFFIC
DATA
COLLECTION

EXHIBIT 23

TRAFFIC MANAGEMENTAPPLICATIONS

Feature /ZContent

*

one way streets & reversible streets/lanes & turn restrctns
parking restrictions & snow clearance routes/schedules
Loading/unloading rules & . ..

high occupancy vehicle designations

violator assembly sites [directions from freeway, etc]
emergency clearance: toxic spi lls / fires / chase / storms /. ..
event management

transmission of electronic destination etc signs’ content
parking: display of prepurchased electronic tokens at meter

incident detn/verifctn/response & surveillance/control measures
transmission of:
- corridor conditions reports [for requested O&D]
- ramp & Lane closures
- alternative routes & advisory speeds
- pre-trip advisory - avr & hour-specific O&D travel times
- suggested alternative departure times

road use pricing by peek/off-peek & by vehicle type + homebase
access control [via vehicle/driver ID transmission)

parking availability & rates by type [all vhs, HOVs only, . ..]
designated routes: trucks & dangerous goods & snow & garbage col

transmission of

- radar & airplane detected excess speed [& other maneuvers]
- electro-optically detected tailgating

- axle Load & route & hour violations

- HOV facilities use by SOVs

- usual fine/demerit implications of violation spotted

- pull over & stop command

accident reconstruction, ie. short term memory [black box] on:
- driving maneuvers & speed

- Lane positioning & . ..

enforcement & apprehension of - violator vehicles
[c/w electronic record for courts) - violated vehicles
accumulation of - special merit points

- demerit/violation points

trip frequency /0& / chaining / occupancy / vehicle type /
alternative route selection [vs. advisory sign message used]
comparative travel times [by time of day & by alt. route]

road & street inventory date & updates

road surface scanning data [from Laser cameras]
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Function

WORD PRO-
CESSING &
COMPUTING

COMMUNI-
CATIONS

FREIGHT

HOME BASE
CONTROL

F

EXHIEIT 24

MOBI LE OFFI CE APPLI CATI ONS

eature/ Content

commuter work stations [in car/van pools & subscription busesl
word processing & memo pads

study periods: seminar tapes etc

calculator: 4-function, business, engineering, scientific
compressed register by product category: Thomas Reg & Thomcat
manufacturers Lists of wholesalers & distributors

industrial sites ref cateloque: boundaries & Leases & vacancies

paging & messages transmission: company and personal

automatic dialing [customer List vs. diary order&location]
courier status [eg. from FedExp's COSMOSS tracking system]
facsimile transmission/reception [& photophone still picturesl
electronic bulletins: infloglobe,stock quotes [seld portfolio]
EDI [electronic data interchange]

telemarketing

-~ comprehensive client List [including personal data, ..]

- customer/dealer/supplier Locator: map Location & postal code
- daily diary & orders & follow-up call requests

- electronic scratch pad [retrievable notes during phone calls]

electronic cargo routing slips [+ wand for loading&unloading]
freight - tariffs &rates & regulations

- haz cargo: data base & emergency contacts/procedures

- in-vehicle stock control
terminals: locatns & hours & personnel & line-up # & wait times
custom operations
- hours &regulatns & duties &Locn of in-Land clearance houses
- CSS [customs commercial system]: tariff classification
- CADEX (customs automated data exch prg]: entry date to customs
motor carrier accident report - automatic entries [tach data]

- preparation [manual inputl

travel exp recording: km/time/fuel allocn & motel invoices
accounting: daily transactions

'smart home, - appliances [pre-arrival on] / security / ...
- answering machine: messages review & reset

'butler-in-the-box' voice command system
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Function

ENVIRONMENT
DATA

EDUCATION &
TRAINING

PERSONAL
REFERENCES

ENTERTAINMENT

EXTERNAL
COMMUNICATIONS

*

EXHIBIT 25
occuPANT ACTI VI TY APPLI CATI ONS

eature/ Content

adjacent environment: geography & fauna & . ..

‘4X6 cards’ & charts on basic sciences

environmental protection - data bank on toxic discharges & rain
- fundamentals on earth’'s egosystems
- regulations & ‘acceptable’ Limits

recreationa L & cultural data banks

standard & inter-active audio/video courses

encyclopedia & yearbooks & personal interest sheets
science summaries

compressed summaries [of publications] for executives, etc
language training & music studies &. ..

calculator functions: 4-function, scientific, engineering,

family & friends date base: names, birthdays, addresses, phones,

health care - health & diet information

transmission of heart beat pattern

reception of analysisresults & advice

en-route/in-vehicle analysis

household finances: purchases record, due dates [automtc flags]

local phone book & community contacts

activities List - todays musts [user selectable time buffersl
- household tasks-in-a-cookie-jar

games: against computer & amongst occupants

music - CD player control [tracks pre-selection by each indivl]
- radio stations scannig
- composing & play-back [casette recording]

* veh<->veh communictns: messages/driving instructions'/flirting

*

*

inter-active responses with external systems
particptn in computerized auctions: retail value & highest bid
en-route/ - motel bookings [room type & rate & durtn]
pre-arrival - motel confirmations & cancellations

- fast food group orders [express pick-up]
telemarketing: product review & response [smart card]
in-vehicle video shopping [~ 'CanValNet' cable shoppingl
Libraries’ Lists of ref material [eg. ‘home access’ ]
remote access to ATM networks [electronic banking]
ridesharing pick-up/drop-off modifications [veh<->house transtnn]
electronic - h-hker and driver registration confirmation
hitch-hiking - destination sought
monitoring of electronic babysitter signal
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EXHIBIT 26

VEHI CLE/ DRI VER MONI TORI NG AND CONTROL APPLI CATI ONS

Function

VEHICLE/
DRIVER
MONITORING

VEHICLE
CONTROL

AUTOMATIC
CHAUFFEURING

eature / Content

status of vehicle systems - diagnostic displays
- anticipated failure alert
- response-to-fai Lure tips
driver alertness monitoring [eg number of steering corrections]
and alert ['snooze alert'] & automatic Ltd vehicle response
on-board physiological monitoring [eg. military]
vehicle - tips leg. jump start steps to protect electroncs]
maintenance - customized work order processing for prev maint.
- warranty expiration alerts
- calls: tow vehicle availability and rates
operations statistics for each driver: h & km & L of fuel &..
manner-of-use record for each driver [with exception alerts]:
speeds [actual & compared to Limits] & idling & abrupt handling

collision avoidance systems - minimum gap alert [Rashid VRSS]
- weather & surface friction alert
- suggested maximum speeds
rear view display & ultrasonic obstacle warning for backing up
night time infrared forward imaging system [obstruction alert]
perimeter vision/scanning [for extra Long & wide Loads]
specialized controLs/features for handicapped and/or elderly
anti-theft device: starting by key code/voice print/smart card
automatic transmission of tracking signal
disabling of essential controls
comfort - radio station/tape/CD selection [individualized]
- individualized positioning of: seat /7 temp / windows /

automatic highways [median Lane controll

- steering function

- accelerator/brake functions

agriculture & mining & manufacturing [robotic steering]:
computer controlled and steered combines, forklifts, etc

man-made and natural disasters response: spills & fires & ...

military operations (autonomous Land vehicles]: surveillance /
reconnaissance / advance columns /7 mine field clearance/ . . .

110



§83B10088Y § UBULBLAJBY / UBULEBLAJBY Y OynOp

AQNLS LDVAWI SWILSAS

NOILVWHOSNI 37Id0p

HAHLO [ONIH33LS
mmzbo_mmz<m_zo=nm
. SLHITV ¥ SHOSN3S
S37NAOR ALIAILDV NOILIGNOD H3AINHG
JHA/4HN
- 391A30 X0Hd ©**913
SAVIHIAO AHVHOAWAL SONGD|31W12 [ALuos| 31w10 uva |vuwo NIVHL|{NOVIQ oIavy 318N ONIOVIH
avos| 1x3 3719IHIA ~-vd | AL HAHLO [ONNHE| HMd | 9N3 3LI773LYS 3INVLSIO
*++*913 |s50H0934 | WALSAS :
S9d M1TA|SS3INISNG|dud9avou SHOLVNLIV 9 SHOSN3S SUINNVIS SHOLYNLIV ¥ SHOSN3S SHAATADAY SHOSNIS
IVANIHNOBIANT IVASIA J04INGD 31IIHIA NOILVOIAVN
J9VHOLS ININVHYI T
asva  viva dvi E
|
SHIND| H3A |avol [ ! I I
44/03|ag/01]a4/01 SHOSS3J0Hd - OHOIW NOIS |ONIL-
HAA | H3A | H3A _ H3aHlo|-123a|vy3do
a13
s3naow 190 |1uawa]uing CERITLL
NOILVOINNHHOD 1X3 uanio| oani] 379IuH3A AN SNIJ33N QHO23Y
ECRUED] S3TN00W SNOILYOINAWWOD
NLVHHOSNI | _ | _
vagy
UILNAWOD auVOE-NO - _
344N30
19141S10%
HaLVdSIa *40 013 .
HOSS3004d IV
auva NHOS NL10S34 LOITdNOD «
NOVW | 3910A | HONOL|S3A3Y VIHILIND T0HINDD « HIH10|YLNYd [OIONVY|30VHI
Ju1IN3D
L9K (SLNdNT}) 31N00N NOISIO3Q {silndino)
a144vHL ST0HLNDD SAV1dSIa
HAHLO | u3AIvO —
STVYNOIS (8)43sn
2144vHL 3IDIHIA-NT
939 YVH J/// a>=mm¢ Q3LLINO
¥ SN9IS
29530 UVA LNIHNOUIANI
230 3ILNOH-N3 ONILVHIAD H3A

NYIDVYIA A007Td TYNOILONNA ¥

SNO3a ivulis
3s0dund
NDISSI

v s »

SHAILSAS NOILVWYOJINI JTIHOW FIALAA

111



4.3.2 Preferences of Some User Comunities

In order to gauge the current know edge, the expectations and
future intentions of the potential user communities, a fairly
extensi ve market survey would need to be undertaken. The em
phasis in this task of the study was to design and test an
interview guide that would provide a useful starting point

for developing a large scale interview type survey.

Even though it was recogni zed that very few would have prior
know edge of nobile navigation/information systens, or about
the current 'rates of installation' in their industries, the
questions were designed to be useful for future tracking of

i npl enentation |evels.

The test survey consisted of a dozen face-to-face and tele-
phone interviews: the number was considered just sufficient
for testing and nodifying the interview guide (Appendix H
and for getting sone feel of the different nmarket sector pre-
ferences.

Due to the very small sanple, no statistical sumaries or

anal ysis are attenpted. However, a short recollection of the
mai n directions and thenes that appeared to energe fromthe
di scussions wth representatives of the user groups, is pre-
sented in the followng (the headings refer to main topics in
the interview guide). It should again be noted how very few
Interviews were undertaken: therefore, these 'findings' can
only present a limted and inconplete view even at this sum
mary | evel

Fam liarity Wth The Systens

In general, there was little prior know edge (except by the
trucki ng industry and energency agencies) - however, there
was al ways qui ck appreciation of the main capabilities (of
positioning, navigation and route guidance) of the nobile
systens and their possible usefulness to the user comunity
(this will ease sone of the burden on those marketing the
systems in the future), Many expressed surprise about the
range of possible features that these systemmght ultimtely
of fer.
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Current I nstall ati on Base

Practically none within the user communities surveyed. The
focus, in what experimental installations there are, seens to
be on AVL, with the vehicle location continually nonitored at
the dispatch centre; transmssion of the location to the ve-
hicle itself takes place on an as-needed basis only.

Desirable Functions

What functions/features were considered high, mediumor |ow
priority, or not relevant at all, depended heavily on the
user conmunity (one representative rating is presented in Ap-
pendi x Hp.3). Four capabilities, however, were rather uni-
formy requested: the users would like to:

know the vehicle's nap position - at least at a dispatch
or operations centre (if there is one), or else inside
the vehicle; position relative to requested destination
(eg. given as turn instructions) would suffice for many,
who did not consider an actual map display that critical

record vehicle use and nanner-of-driving statistics for
each trip,or separately, for preset categories of trips
(al so separately for each driver, where required)

record en-route events (ie. replace a manual business
log, or a personal note pad) and/or provide sem -auto-
mated data gathering (wth automatic reference to ve-
hicle position, time of day, etc)

display itens from a conpany and/or personal 'base in-
ventory' on demand: the content and structure (or ex-
pected manner of use) of such data bases is quite pe-
culiar to each user group.

Characteristics

'Conpetitive' price, and particularly all-inclusive life-
cycle cost, was rated as the nost inportant characteristic:
however, specul ation on what association menbers or the users
woul d be prepared to pay varied w dely depending on needs. An
i mportant factor was whether the user had already come to ac-
cept the need to invest in some equipnent for simlar purpo-
ses leg. tachograph to control drivers and protect against
insurance clainms). The acceptable price range varied from
$700 to $3000 (but then the feature expectations were also
varied, albeit not exactly correspondingly).
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To actual ly obtain a perspective on the "acceptable price/ex-
pected performance" ratio, Wl require proper market studies
and sufficient size sanples (using pre-specified alternative
core packages and prices, available options, etc).

Functionality, primarily meaning the (utnost) ease in day-to-
day use, was also rated highly: this was considered nmore im
portant than how easy it mght be initially learn to use the
unit (even though these characteristics are quite parallel).

I nput/output interfaces: for many users, sinple function keys
for input and a two or three-line nmessage for output appea-
red adequate (many woul d prefer a keyboard and a CRT screen
for map display). For sone groups, a renote 'wand', or an in-
frared 'extension cord would be of great value (eg. for cou-
riers handling packages at the back of the vehicle, energency
personnel being tenporarily separated fromtheir vehicles).

Required Performance

Posi ti on accuracy expected of these systenms was perhaps one
order of magnitude less than initially thought. Except for
couriers, taxis and emergency/security services - who would
like to obtain their vehicle position within a few netres (to
be assured of correct city street and bl ock, and clear free-
way/arterial separation) - nost would consider a 6-9 block
area, or sonetines 0.5-1.0 km sufficiently accurate. For
mappi ng agenci es, good position accuracy - ranging from 10cm
to Imm - was considered the prinmary requirement for a unit
operabl e outside the vehicle.

Qperational availability was not considered critical by nost
(after all, nost have survived w thout any simlar equipnment
until now) - at least not as far as positioning, navigation,
route gui dance, and nany add-on features were concerned. How
ever, there would be alnobst no tolerance for failures/inter-
ruptions on nonitoring the manner of vehicle handling (as per
current tachographs), or recording driver hours (and anything
el se required by regulations): and obviously zero failure to-
| erance on features related to actual vehicle control

Curiously, while there was tolerance to possible electronics
or systemfailures as such, the expectations - as far as en-
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vironnental robustness are concerned were very high. The
design and testing are expected to be towards 'industrial'
units, with long term parts& abour warranties, not for flinsy
consumer gadgets.

Portability: the contrast on the desirability of the primry
conponents being renovable fromthe vehicle (so that the unit
woul d remain operational for nost of its features) was obvi -
ous. It was either considered highly undesirable (units would
be subject to mshandling or theft), or essential (for hone,
office, commuter train, boat&cottage, etc use) to justify the
likely total purchase plus upkeep cost.

Barriers & Needs

Barriers, most often quoted, were:

price (assumed to be initially too high, due to |ack of
conpetition)

| ack of overall features, as well as individualized
software that would make the systens really useful for a
specific conmunity

unfam liarity and nanagenent rigidity, somehow synergis-
tically preventing staff access to |learn about the sys-
tems or see them in operation and/or experinment wth
themw thin own fleets.

The response to the question on future needs, was perhaps the
most uniform- all user comunities, including those already
experimenting with the first rudinentary devices, would evi-
dently greatly benefit from

a maj or Canadian joint conference of direct/indirect/in-
termediary users, of suppliers of equipnent, related
conponents, software and data bases, and of regulators
and others who would affect future standards and use
(WS '89, or Vehicle Navigation & Information Systems Conference,
has been subsequently announced: 12-14 Sept 89 in Toronto)

state-of-the-art brochure or newsletter that would be
updat ed periodically - containing (neutral) sunmmaries of
hardware and software avail able on the narket or under
actual developnent (i.e. at least in prototype testing
phase), Canadian supplier reference lists, topical dis-
cussions on current and future trends, descriptions of
particularly innovative applications, and of directions
in licensing and regul ation.
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Wthin the 'Wde Area Vehicle Mnitoring System Project' (Ref

77),
out :

a survey of 97 for-hire carriers in Ontario was carried
thirty three responded. Albeit snmall, this survey well

illTustrates the preferences and needs of one major user com
munity - the for-hire carriers. (Limted number of copies of
this report are available fromthe Mnistry of Transportation
of Ontario}.

4.4

CANADI AN  SUPPLI ERS

The current and potential suppliers of nobile information
systems could be broadly categorized as follows:

*

suppliers of on-board equi pment - designers, devel opers
and manuf acturers of hardware and system software
(Section 2.3):
navi gation and other sensors, processors and actuators
m cro-conputers, high speed graphics processors
- data storage devices
- input devices (swtches, keyboards, wands, touch screens, ..)
- output devices (screens, audio, printer, . ..)
- transm ssion el enents: nodens, antennas, beacons, etc

suppliers of data packs - consolidators and suppliers of
map (GS) data bases stored (on CD-ROVs, etc) on-board
vehicles plus providers of map overlays and other data
files intended for transm ssion to vehicles on the road

devel opers and suppliers of applications software
(see Section 2.3.3/p-46-47)

installers of equipnment - vehicle manufacturers instal-
ling their own, licensed or conponent supplier equip-
ment, plus after-market installers

providers of basic positioning signals (eg: Loran-C,
satellite) and established base station signals

provi ders of comuni cati on equi pment and services: pri-
vate/ public nobile radio systens, cellular tel ephone
systens, satellite conmunications systens,

suppliers of road side and central control conponents

provi ders of contract system managenment and mai nt enance
servi ces.

A list of Canadian conpanies with R&D capabilities in these
fields was prepared for the clients. The |list was not very
exhaustive: it was provided as a starting point for underta-

116



Ki ng possible further marketing or survey work on the supp-
lier side of nmobile information systemns.

4.5 MARKET PENETRATI ON

When in-vehicle navigation/infornation systens becone w dely
accepted wll depend on numerous factors:

*

functions and specific features offered (eg: as pre-
sented in the Interview Guide/ Appendi x H

performance and reliability of these features (witten
specifications & experiences by other users)

ot her system characteristics: environnental robustness,
portability, etc; and life-cycle cost (which includes

purchase price).

mar ket factors

- whet her the devices are offered as options directly by
the vehicle manufacturers, or only as an after-market
installation

what conpetitors, within a given user comunity, are

doing (eg: if US. based carriers, operating in Cana-
da, offer services to custoners made only possible by
the navigation/information devices)

- etc.

the proportion of benefits that can be actually assigned
to these systems, ie. share of increased efficiency,
productivity, utility & confort, enjoynent & awareness,
road safety, security (driver/passengers/vehiclelcargo),
conservation of resources, decreased barriers, etc.

During this study, a small (test) survey was undertaken to
test/refine an interview guide and to get an idea about the
needs and intentions of possible user coomunities (Section
4.3.2). The answers to a question about future needs were
strikingly uniform (p.115); this perhaps explains, in part,
why nost respondents were reluctant to specul ate about when
these systems would be experinmented with or inplenmented
within their industries. Need for an initial exposure to the
current and near term narket offerings is clearly indicated.

The respondents were also asked to identify barriers that
m ght hinder or slow down the acceptance of in-vehicle navi-
gation/information systens. These would typically include:
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- real or perceived increase in number and severity of
traffic collisions and other incidents

| ack of coordination between system designers/devel opers
and agencies who are interested in providing a broad
range of services or who have very specific requirenments
(before systens can becone useabl e/ meaningful to them

threat to privacy ('big brother' nonitoring |ocation of

vehicles and individuals) and to civil liberties/wor-
kers' rights (nmonitoring of enployee performance by em
pl oyers)

threat of being fully charged for the use of roads based
on time of day, length of use and nunber of passengers
in the vehicle (seen as threat by many who now commute
| ong distances alone in a car, in the mddle of peak
peri ods)

liabilities due to inadequacies or defects in the nmain
device, its conponents, system and applications software
(eg. relating to turn instructions), or information
transmtted from outside to the vehicle

insufficient attention in design of hardware and soft-
ware, and in nounting of the devices, to human factors
(ergonom cs and ease of use)

psychol ogi cal uneasi ness by drivers about letting a po-
tentially inconplete and unreliable systemparticipate
in any of the driving functions

| ack of national standards, or voluntary recomended
practices (followed by manufacturers), that would have
been devel oped on the basis of sound research

cost of in-vehicle equipnment, its maintenance and (fire
& theft) insurance.

In the absence of legitimte narket data, del phi panel tech-
nique is sonetinmes used to specul ate about market penetra-
tion, or consumer acceptance, of future technology products.
Such an effort, under the auspices of the 'Internationa
Institute of Applied Systems Analysis' (Ref 69), recently
focused on expected devel opnents in the road transport in-
formation systens field. This work, entitled 'A Del phi Panel-
Derived Scenario on RTI Evolution', is summarized in Section
5.1.2/pl123-127 of this report. The forecast of market pene-
tration, from 1980 to 2080, is contained in Exhibit 29.
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Anot her del phi study - undertaken in 1986 by Trevor 0 Jones
of TRWInc - predicted dates of introduction and 50% mar ket
penetration for sone 54 truck-electronics systens (Ref: Fleet
Owner/p. 24828, Dec 1986). The panel consisted of 36 experts
in the fields of vehicle electronics, truck manufacturing and
fl eet management. He acknow edged that the 35 nore likely
systens woul d add about $12 000 to the cost of a truck - but
"if they can reduce truck operating costs by 7.4% which
believe is feasible and readily achievable, they woul d pay
for themselves in one year'. The findings of this panel are
presented in Exhibit 28.
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EXH BIT 28
ELECTRONI CS: WHAT'S COMI NG AND WHEN

A DELPH STUDY OF 54 SYSTEMS

PREDI CTED DATES _
[ ntro- 50% of Price

VEH CLE OPERATI ON duction Units $
* Navigation 1990 1996 509
Precise location 1991 1998 582
Security - antitheft 1988 1993 239
* Security - locate stolen vehicle 1991 1995 323
* Automatic |oad advisory 1991 1997 432
* Automatic operation advisory 1991 1997 571
* Autonmatic weighing 1990 1995 432
Axl e-| oad sensi ng 1989 1995 393
Cargo nonitoring 1989 1994 343
Load- di spense control 1990 1995 434
Automatic |oad broadcast 1991 1997 397
* Conmuni cation system 1989 1995 468
VEH CLE CONTROL
* \theel -1 ock control 1988 1993 788
* Tire-pressure nonitoring 1988 1994 300
* Road-condition nonitoring 1991 1997 245
Headway nonitoring 1991 1997 454
Headway control 1993 1999 919
* Automatic brake control 1992 1997 602
El ectronically controlled strng 1992 1996 331
Automatic road-follow ng strng 1997 2000 1029
* Steer by wire 1995 2000 650
* Aerodynam ¢ surface control 1991 1994 416
Vehi cl e speed control 1987 1992 359
Adaptive suspension 1990 1995 1033

* Coordinated tractor/trailer strng 1992 1998 1200
DRI VETRAI N  CONTRCL

Engi ne speed control 1987 1991 427
Ful | engine control 1988 1993 666
Transm ssion control 1988 1994 588
Axl e control 1989 1996 258
* Integrated drivetrain control 1990 1996 1017
PTO contr ol 1987 1991 231
* Engine protection 1987 1992 214
* Renpte engine control 1989 1995 214
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Mar ket
M

79
91
37
50
67
89
67
61
53
67
62
72

121
46
38
71

144
94
51

154

102
64
55

160

187

63
102
91
40
158
34
33
33



| NFORMATI ON & DI SPLAYS

Ful | digital displays

Vehicle life-history recorders
Crash recorders

Service advisory & record
Trip-data record

CRT with maps

ELECTRI CAL SYSTEM

* 24v to 48v system
* Serial data link
* Ml tiplexing

COMFORT & CONVEN ENCE

Cab- envi ronnent control
Li ghting control

Seat control
Rear - obst acl e detection
Ei th-wheel hookup

Mrror control

Bl i nd- spot detector

DRI VER- PERFORMANCE  MONI TORS

* Physi ol ogi cal eval uation
Chemcally inpaired driver
* Fatigued driver
Erratic driver
* Skill evaluation

* % % X * X

* X X X

*

PREDI CTED DATES

121

Intro- 50% of
duction Units
1988 1993
1989 1994
1990 1996
1989 1994
1987 1993
1990 1997
1990 1996
1988 1994
1990 1995
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5. NATI ONAL PROGRAMS

Concerns with traffic managenment have notivated government
prograns for assisting with the devel opment of in-vehicle
route guidance for about 20 years. Although originating in
the U S., stronger governnent roles based on traffic manage-
ment needs devel oped in Japan, England and West Gernany du-
ring the 1970s. Miltiple government programs, often in con-
cert with industry, have evolved during the 1980s in Japan
and Europe. In Japan, these prograns still focus on traffic
managenent and communi cations and have generated an atnps-
phere of conpetition anmong governnent agencies. |n Europe,
safety and road transport informatics have becone additional
driving forces - and, as in Japan, there is some conpetition
anmong governnent prograns.

The U S. government - FHWA (Federal H ghway Admi nistration)
in particular - has been relatively inactive in the devel op-
ment of in-vehicle route guidance from 1970 until the past
year. However, during the 1970's, UMIA (Urban Mass Transit
Adm nistration) took a very active role in the devel opnent
and denonstration of automatic vehicle |ocation nonitoring
systenms (AVLM. In addition, several projects relating to
mobi l e information systenms have recently been undertaken
under Canadi an government auspices.

The objective of this section is to provide a description of
government prograns relating to vehicle location, navigation
and route guidance systems during the 1980s.

5.1 EUROPE

Aut onobi | e navi gation, route guidance, communications and
road transport informatics (RTl) have been the subject of
nunerous European prograns, projects and studies that are
nationalistic or nultinationalistic in nature. Many of the
prograns involve cooperative arrangenents anmong several go-
vernnent agencies and industrial concerns, and all of them
have advanced the case for mobile information systens.
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Some of the nore inportant recent and current prograns are
di scussed in al phabetical order in the follow ng.

5.1.1 ALI-SCQUT/ LI SB

The ALI-SCOUT system nmnentioned briefly in Section 2.1.2 and
characterized in Exhibits 6b and 13, is a joint devel opnent
of the West Gernan governnent (Mnistry of Transport & Mnis-
try for Research and Technol ogy), Sienens, Bosch/Bl aupunkt,
Vol kswagen and others. Technical devel opnent is coordinated
by Sienmens which is responsible for the IR comuni cati on sub-
systems and the infrastructure equiprment and software. Bosch/
Bl aupunkt is responsible for certain aspects of the in-vehic-
| e equi pment and Vol kswagen col | aborated in the devel opnent
of the basic design concept which is an outgrowth of the ear-
lier AL1 and AUTO SCOUT projects (Ref 24).

The initial role of the two mnistries was to conm ssion
working parties to clarify various problemareas related to
the introduction of ALI-SCOUT in ternms of technical and traf-
fic related problens, cost effectiveness, and |egal and orga-
ni zational preconditions. The working parties called for a
large scale field trial of ALI-SCOUT in West Berlin to assess
technical reliability, acceptance |level, usefulness to road
users and to estimate ultinmate costs. Called LISB (for Leit-
und Informationssystem Berlin, or Navigation and |Infornation
System Berlin), and scheduled to begin in 1988, the field
test will involve 200 IR conmunication beacons and 800- 1000
equi pped autonobiles divided anong individual, business and
institutional users. The total cost of LISB is estimated at
DM 15 000 000, one half of which will be paid by industry
with the remainder shared by West Berlin and the Federal Go-
ver nment .

ALI - SCOUT/ LI SB is now being connected to the PROVETHEUS pro-
ject described in Section 5.1.8 (Ref 68).

5.1.2 ARl SE/ RTI - Del phi St udy

ARI SE, or the 'Autonobile Road Information System Evol ution"
project, was devel oped during 'The Future of the Automobile
Program which was started in 1980 by the MT. The first
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ARl SE study was undertaken for the Swedish National Road Ad-
mnistration (SNRA) in the Spring of 1984. The first short
report described the potential for benefits to society from
establishing a data |ink between conputers at the road-side
and conputers on-board vehicles.

A feasibility study was |launched in 1985, It was deci ded that
until the industry enbarked upon the Road Transport |nforma-
tics (RTl) systemidea, only long range systens anal ysis
woul d be carried out. This was initiated at the International
Institute for Applied Systems Analysis (I1ASA) in Laxenburg,
Austria in early 1986. A contact network wi th concerned
peopl e and specialists in governnent, industry and research
was established. In Cctober, a decision (based in part on
overlap with the nuch | arger PROVETHEUS project described

bel ow) was made to discontinue the project at |IASA after
conpl etion of a Del phi study on how infornmation technol ogy,
communi cati on neans and control systens can reshape future
road traffic.

The Del phi study was carried out in two rounds with 54 res-
ponses in its first round and 31 responses in the second. An
April 1987 working paper (Ref. 69) presented the Del phi re-
sults, the nmore inportant points of which are summarized as
fol | ows:

*

Today's road transport problenms can act as driving for-
ces for seeking solutions for problem areas such as
overal |l system econony, traffic and congestion grow h,
safety, etc.

* RTl is capable of alleviating some problens and inpro-
ving road transport. Drastic inprovements can be achie-
ved if qualified technology and intelligent systems are
I ntroduced.

Many system sol utions are applicable. Benefits of one
sub-system may be narginal but, as part of an integrated
solution, that sub-system may yield larger benefits.

There are few negative aspects, risks or pitfalls from
introducing RTI. However, centralized and automated ve-
hicle identification is perceived as a threat to perso-
nal freedom (privacy).

Driving forces exist for devel oping RTI systens to high
| evel s, provided they drastically reduce accidents, pol-
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lution and traffic congestion while increasing driver
confort and transport econony.

Seven RTI categories were selected for assessing events:
e AVN = Autononous Vehicle Navigation

RSI = Road Service Information
UCAD = User Cost and Automatic Debiting
IRG = Interactive Route Quidance

SDK = Speed and Distance Keeping
CA = Collision Avoidance

AHC = Automatic Hi ghway Chauffeuring.

Different RTI categories can start at different tines, pro-
ceed at different rates, and reach different market penetra-
tions. Future market penetration is thought to pass through
successful |aboratory tests/pilot tests, commercial system
introduction, mgjority use by comercial vehicles, majority
use by all vehicles and, finally, nmandatory use of the system
in all vehicles, Median estimtes of the year each of the
seven RTlI categories reaches each of these five stages of
penetration are summarized in Exhibit 29.

The working paper includes estinates of the inpacts of RT

i npl enentation. Al seven RTlI systems can inprove convenien-
ce, confort and driver security. Lane capacity can be increa-
sed some 10% using either AHC or SDK systens. Traffic safety
Is expected to inprove by 30% if CA systems are used, and
some 42% if all RTI systenms are inplemented. RTI systens are
expected to have only small inpacts on em ssions. The vehicle
purchase price will, according to estimtes, increase by 1%
if a UCAD systemis added, by 25% if an automatic
chauffeuring systemis added and by 5-10% each if an RS

IRG SDK or an CA systemis added

According to the panel's estimtes, the information technol o-
gy industry and the road admnistrations will be nost influ-
ential in RTI inplenmentation. Strong action is al so expected
fromthe trucking industry, conpany car owners and professio-
nal drivers. The comrercial fleet market will be interested
in RTI devel opnent before the private car owners are.
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EXHIBIT 289

A DELPHI PANEL-DERIVED SCENARIO ON
AOAD TRANSPORT INFORMATICS EVOLUTION

4
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Key: AVN Autonomous Vehicle Navigation
ASI Road Service Information
LUCAD User Cost and Automatic Debiting
IR8G Interactive Route Guidance
SDK  Speed and Distance Keeping
CA Coltlision Avoidance
AHC  Automatic Highway Chauffeuring Scurce: Ref 69
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Cost is assumed to be the main barrier for RTI. If initia
I nvestnment costs and/or systens operating costs are too high,
a mass market for RTI systemw |l not devel op

5. 1.3 Autogui de

In 1986, the U K Departnent of Transport proposed a project
to develop and denonstrate Autoguide, an interactive route
gui dance system designed by the Transport and Road Research
Laboratory (TRRL) (Section 2.1.2 & Exhibits 6c and 13). Auto-
gui de was promul gated by a discussion document (Ref 25) which
clains, "the proposed system fits well with the Governnment's
intention to pursue inproved driver information on London's
roads", and notes that "working with other countries can |ead
to many advantages".

In 1987, project officials concluded that Autoguide's induc-
tive loop communications beacon approach should be replaced
by the IR beacon approach used by ALI-SCOUT in West Gernany
pendi ng outcome of early trials. A joint UK/ West German wor k-
ing party was then established to define a draft internatio-
nal standard for infrared road-vehicle conmunication

Initial cost estimates by TRRL indicated that full inplenen-
tation of Autoguide out to M5 in London would cost on the
order of f15-20M for the infrastructure (ie: roadsi de bea-
cons, conmmunications and control centres), and would have
annual running costs of f2-3M Equi pnent for user vehicles
woul d cost perhaps f150 and, assumng 400 000 users, each

m ght pay f20-30 annually to defray installation and opera-
ting costs. It is the intention of the government that the
cost of Autoguide be ultinmately borne by the private sector

A smal|l scal e denonstration of Autoguide was inplenented in a
Heat hrow Airport to central London corridor in the Spring of
1988; proposals are now being solicited for a pilot stage in-
stallation covering nuch of London. Like ALI-SCOUJT/LISB, Au-
toguide is now being linked to the PROVETHEUS project descri-
bed bel ow (Ref 68).
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5. 1.4 CARM NAT

CARM NAT is one of 165 projects under EUREKA, a European re-
search cooperative established in 1985 by a Conference of

M nisters of 17 countries and Menbers of the Conmi ssion of
the European Communities with the objective of raising,

t hrough cl oser cooperation anong enterprises and research in-
stitutes in the field of advanced technol ogi es, the producti -
vity and conpetitiveness of Europe's industries and national
econom es on the world market. In addition to CARM NAT, many
ot her EUREKA projects - including PROVETHEUS, DEMETER, EURO
POLI'S, TELE ATLAS and ERTIS - relate to autonotive navigation
and route guidance.

CARM NAT. primarily unites CARIN, the Philips autorobile navi-
gation project (Ref 42), with SAGEM S M NERVE nodul ar i nfor-
mati on concept based on on-board mass menory, and w th ATLAS,
Renaul t's autonobile information project which has been pur-
sued since 1982 in cooperation with Tel edi ffusion de France
(Ref 70). The ATLAS autonobile information project includes
system design features for

* sensed endogenous information: speed, fuel |evel, alarm

condi tions, namintenance needs, diagnostics, overal
mechani cal status, etc.

on-board information stored in interchangeable mass ne-
mory, eg: user's manuals, driver autonobile ID, nainte-
nance records, driver personalization of electric-power-
ed seats (radio stations, volunme, etc), and map coll ec-
tions with tourist information

* exogenous information received fromoutside the car in-
cluding traffic information and facilities information

The synergy between these different types of information is
illustrated by the combination of remaining gasoline (endoge-
nous information), vehicle location, maps including service
station network (on-board information), and opening hours of
| ocal service stations (exogenous infornation) to answer the
question, "I'm al nost out of gas - what should I do?"

ATLAS assunes the nost |ikely candidate for transm ssion of
exogenous information to autonobiles is RDS (Radio Data Sys-
teny, an approach also pronul gated by Philips for transmt-
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ting traffic data, weather conditions, road surface condi-
tions, etc. to CARIN (Ref 42). RDS test broadcasts are cur-
rently taking place in France, West Cernmany, Sweden, Engl and
as well as in the Netherlands where traffic data is already
being transnmitted experimentally. RDS has the advantage of
using existing FM radio transmtters wthout changes to the
infrastructure (unlike the conmmunications beacon approach re-
qui red by Autoguide and ALI-SCOUT/ LI SB).

I ntegration of CARIN technology with M NERVE and ATLAS vyi el ds
the CARM NAT total systens approach for navigation, conmuni-
cation and vehicle diagnostics. The total system configura-
tion and the allocation of workload anong the participants is
presented in Exhibit 30 (source: EUREKA proposal establishing
CARM NAT) . Prelimnary plans call for Philips, Renault, SAGEM
and TdF to collectively expend 52 mllion ECU s, including
351 man-years, on CARM NAT devel opnment and full prototype
testing through 1989.

5.1.5 COST 30

In 1984 the EUCO COST 30 bis Wrking Goup 1 of the O ganiza-
tion for European Cooperation in the Field of Scientific and
Techni cal Research - which included representatives of Eng-

| and, France, Netherlands, Sweden and West Germany - publi sh-
ed a final report which exam ned systems approaches, econom c
potential, and standards considerations (Ref 61). Entitled
"Road/ Vehicl e Electronic Communications: Electronic Traffic
Aids on Mjor Roads", the report concluded that the nost
practical approach fromthe inplenentation viewpoint would be
vehi cl e-borne navigation aids in conbination with area-w de
one-way (infrastructure-to-vehicle) comunications. The group
reconmended further international collaboration to identify a
sui tabl e broadcasting channel, and encouraged sharing facili -
ties with an existing broadcasting system such as RDS or cel-
lular radio.
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5.1.6 DEMETER

DEMETER is an EUREKA project with the primary goal of estab-
lishing a European standard for the contents and structure of
digitized geographic information. The standard will be struc-
tured so that geographic information can be used for various
applications such as cartography, educational purposes, and
planning activities, as well as in vehicle navigation. O her
goal s include the coordination of R & D on production nethods
and equi pnent for digital maps in concert with the standard,
and the production and testing of prototypes of digital maps
of parts of Europe.

DEMETER started late 1986 with a definition phase for the
specification of digital navigation maps and w Il include
prelimnary field tests to validate the specification. The
definition phase will be followed by a prototype phase for
production and testing of digital maps. The initial partici-
pants, Philips and Bosch/ Bl aupunkt, are contributing resour-
ces to carry out the tasks of the definition phase and proto-
type phase. Qther participants will carry out the actual pro-
duction of the initial geographic data base during the proto-
type phase of the project. The final goal of DEMETER is to
enable the start of commercial production of digital maps in
1989 so that standardized geographic data on Conpact Disc
will be available in 1990.

According to Bosch/Bl aupunkt, work on the standard to date
uses topology definitions (0 cell, 1 cell, etc.) that are
conpatible with those proposed by the National Committee for
Digital Cartographic Data Standards (Ref 60). Early enphasis
Is on establishing an efficient data exchange format,

5.1.7 DRI'VE

DRI VE (Dedicated Road Safety Systems and Intelligent Vehicles
in Europe) was started in 1986 (European Road Safety Year) by
the European Commission with MVA Systematica (U K ) as mana-
genent contractor. The objective was to assess if information
and tel ecomruni cation technology could make a major contribu-
tion to the inprovenent of road safety (Ref 71).
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Four expert studies were carried out:
n-board Safety Systenms - Consul tronique (France)
Vehi cl e Guidance and Communication - Blaupunkt (West Gernmany)

* Urban Traffic Control for Road Safety - GEC Traffic Autonation
(Eg and)

Mtorway Traffic Control for Road Safety - Autostrade (Italy}

A wide range of technol ogi es were assessed including route
gui dance, hazard warning, collision detection, speed control
driver interface, automatic chauffeuring, and hi ghway nmanage-
ment information systenms. Three kinds of navigation and route
gui dance systenms were considered:

*

on-board dead-reckoning with (infra-red or mcrowave)
conmmuni cati ons beacons to provide real-time dynamc
route gui dance (eg: Autoguide, ALI-SCOUT)

on- board dead-reckoning with an on-board CD-ROM map to
provi de aut ononous route guidance based on static infor-
mation (eg: CARIN EVA)

| and- based radi o-1 ocation beacons prinarily concerned
with vehicle security and location nonitoring (eg:
DECCA, OVEGA, LORAN-C).

The main concl usions and recomrendati ons drawn fromthe study
fell into several groups, of which standardization and basic
research were paramount. A report presented at the DRI VE Se-
mnar in Brussels in Septenber 1986 included primry recom
mendations related to standardization in the navigation and

route gui dance area:
*

standard definition of |ocation
eg: European digital maps

standard methods of communication
eg: infra-red beacons, RDS, mobile cellular, etc

standard traffic nessages
eg: coding of nanes, events, routes, etc.

In addition to the standards work, DRI VE recomended basic
research related to the automatic chauffeuring requirenents
of machine vision and vehicle control software.

Little progress has been nmade since Septenber 1986 because
DRI VE, as part of the European Conm ssion's FRAVEWORK program
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for Community-supported research under the control of DG
Xi11, had been bl ocked until October 1987. DRI VE will now
probably be directed towards serving the needs of an inter-
operabl e European RTI (Road Transport Informatics) infra-
structure, |eaving PROVETHEUS (see below) with enphasis on
the related on-board conponents. DRIVE held workshops in
Brussels in Cctober 1987 on several subjects related to RTI

infrastructure to help specify its new objectives and acti -
vities.

5. 1.8 PROVETHEUS

PROVETHEUS ("PROgraM for a European Traffic with H ghest Ef-
ficiency and Unprecedented Safety) originated in md-1986 as
an EUREKA project. Its ultimte objectives are to make (year
2000) road traffic better noving, quicker, nore econom cal,
and with fewer environnental consequences and far fewer acci-
dents.

The follow ng European autonpbile manufacturers are partici-
pating in the project:
* Matra, Peugeot and Renault (France)
*  BMW Daimer-Benz, Porsche and Vol kswagen (West Gernany)
* British Leyland and Rolls-Royce (U K.)
* Alfa Romeo and Fiat (ltaly)
*  Saab, Scania and Vol vo (Sweden).

In addition to those autonobile manufacturers, some 50 re-
search institutes also participated during the one-year defi-
nition phase. PROVETHEUS is directed by a nultinationa
steering committee and includes seven research areas as indi-
cated in Exhibit 31

The definition phase, which was concluded in QOctober 1987,
included specific related work already underway:

* anti-locking brake system which prevents dangerous | ock-
ing of the tires during braking

limted-slip-differential control, by which the rotation
of driving gears is instantaneously avoided

el ectronic engine control (assigned to the Bosch group)
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* instrument design (assigned to VDO

other autonobile manufacturers and enterprises have
dedi cated thenselves to automatic navigation, ie:

- Daimer-Benz with its 'rolling" nap
- Vol kswagen and Bl aupunkt with their electronic gui-
dance systens, AL1 and EVA

- Sienens, which already previously had devel oped an on-
board conputer for BMN with its SCOUT system

"electronic features-package' which consists of gap-
radar, vehicle-to-vehicle comunication capability, and
el ectronic accelerator pedal (Daimnler-Benz).

However, one of the first outcones of PROMETHEUS is likely to
be a harnoni zed approach to route guidance. In particular,
PROVETHEUS is now recognizing the significant prior research
and devel opnent on infrastructure-supported navigation sys-
tems such as Autoguide in the U K, ALI-SCOUT/LISB in West
CGermany, and the related RTI activities of DRIVE, Since the
motor industry needs to build vehicles which can operate in
cities throughout Europe, PROVETHEUS will be taking an active
role in pronoting standardization in the area of vehicle com
muni cations, protocols and data formats as well as in deve-

| oping a common European digital nmap (Ref. 68).

Future progress toward achievenent of the PROVETHEUS goals is
expected through the conbined efforts of the autonobile nanu-
facturers and the European electronics and conponent indus-
tries which are being invited to join the project early in
the second phase. A PROMVETHEUS synposium was held in Brussels
30.11-1.12 1987 to brief representatives of the electronics
and conponent supplier industries and initiate their partici-
pation.

On the first day an overview of the PROVETHEUS Program was
presented to first line managers of conpanies interested in
collaboration, as well as to representatives of governments
and associ ations from EUREKA nember countries. On the second
day, functional descriptions of research fields were present-
ed by the autonotive industry for future research work to be
undertaken in collaboration with other industries and re-
search institutes.
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Initially funded at $15.3Myear, the costs are expected to
approach $55Myear, giving a total budget of alnost $400 ml -
lion. This will be shared by the 13 autonobile conpanies and
their respective governnents.

5.2 JAPAN

More than 50 Japanese conpani es have joined with the govern-
ment to devel op a behi nd-the-wheel conputer systemthat wll
tell drivers their location and suggest alternative routes
for avoiding traffic jams. This includes all auto conpanies
and many other industrial giants, such as Sony, NEC, Sum tono
Electric Industries and Mtsui. The Japanese hope to forge
national standards (to avoid the BETA/ VHS type problens), and
create a product nore quickly by linking such diverse indus-
tries as automobile nmanufacturing and tel ecommunications at
the research stage. The governnent is giving out the basic
data, university professors are consulting, electronics
makers are co-operating on data transm ssion systens, and
auto makers are working on applications.

However, bureaucratic problens al so abound: the Construction
Mnistry and the National Police Agency are each pushing for
rival systens. They have organi zed separate groups to pursue
research - but, incredibly, nenbership of the rival groups is
al most the sane. The rival |ocation systens are based on dead
reckoning with radio signals fromroadsi de beacons in one
case and fromsparsely positioned tele termnals in the other
case. Both approaches incorporate map-matching: signals from
satellites nmay also play a role in future systens.

The Japanese national programs and the roles of the partici-
pating governnent agencies are discussed in the follow ng.

5.2.1 ATICS

The ATICS (Autonobile Traffic Information and Control System
project was designed to upgrade current traffic control sys-
tens by applying new technol ogy and nmethods in the devel op-
ment of a conprehensive traffic control system The project
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carried out under the National Police Agency (NPA) 1978
through 1985 - addressed three interrel ated areas:

* traffic information transnission systens

*

traffic signal control systens
* total systens.

The traffic information transm ssion research addressed the
probl em of providing drivers with up-to-mnute detailed in-
formati on which can help guide and disperse traffic flow.
Appr oaches consi dered included variabl e roadsi de display pa-
nel s and roadside transmtters in conjunction with voice con-
version devices mounted in the vehicles. Research on traffic
signal control methods included new means for traffic flow
detection. Results of field tests indicated that ultrasonic
detectors for vehicle discrimnation, optical traffic neters
and sinpl e Doppl er vehicle detectors have excellent potenti al
as innovative detectors with high applicability.

ATICS research on total systens included how to make practi-
cal application of route guidance systens based on communi ca-
tions from both in-vehicle equipnent and roadsi de equipnent.
It was concluded that a centralized study which includes de-
vel opment of a traffic guidance algorithmw Il be required in
the future. It was also recommended that further study of
traffic guidance systens nust take into account the fact that
the proportion of vehicles carrying devices has a narked in-
fluence on the anount of information obtained and on system
ef ficiency.

5.2.2 AMII CS

AMIICS is the acronym for the "Advanced Mbile Traffic Infor-
mati on & Communi cations Systen project which was set up
through the Japan Traffic Management and Technol ogy Associ a-
tion by the National Police Agency (NPA) in cooperation with
the Mnistry of Posts and Tel econmuni cati ons (MT) at the
begi nning of 1987. AMIICS has the objective of providing on-
board traffic and navigation information by integrating a
variety of subsystens as shown by the overall conceptual dia-
gramin Exhibit 32 (Ref 72).
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A display screen in each car will show traffic information
gathered by the police at traffic surveillance and contro
centers in 74 cities. The information will be processed at an
AMTII CS conputer center and broadcast to cars using the new
"Teletermnnal" data communi cati on system being pronoted by
MPT. The 800 MHz Tel eterm nals have a range of approxi mately
3 kmand will be installed in a mesh network. "Packet" data
transm ssion technology will be used, and there will be a ca-
pability for addressing data nessages to individual receiving
vehicl es. The vehicul ar equipnent will include CD-ROM for
stored maps and software for conputing and superinposing car
position based on sel f-contained navigation sensors and, pos-
sibly, received from proximty beacons.

Fol lowi ng a study report issued 27 April 1987 by the AMIICS
research groups an AMIICS devel opment and pronotion counci
was established which now has nore than 50 industry partici-
pants who pay substantial menbership fees. An experinenta
pilot systemis planned for 1988 with the first commercia
systemto be in operation in 1991. AMIICS is somewhat conpe-
titive with a simlar systens approach which has been re-
searched and pronmoted by the Mnistry of Construction (M)
since 1984.

5.2.3 HDO

H DO (H ghway Industry Devel opnent Organization) was estab-
|'i shed under the auspices of the Mnistry of Construction in
1984 to undertake research, investigation and devel opment of
new i ndustrial fields related to highways in order to render
service for the devel opment of highway functions, maintenance
and extension. H DO quickly organized a Car Conmunications
Committee chaired by Dr S Takaba {Tokyo University) and com
posed of manufacturers, surveyors and representatives of
other related fields. The Car Conmuni cati ons Conmm ttee coor-
dinates research and devel opnent |leading to a Road and Auto-
mobi | e Conmuni cation System which can provide navigation, in-
formati on service and communications for drivers.

The system concept pronul gated by HDOs Car Communi cati ons
Commttee is conposed of three subsystems: navigation, road-
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si de beacon signposts, and individual communications. The
overall systens diagramis shown in Exhibit 33. In 1986, the
Public Wrks Research Institute (PWRI), also under the Mnis-
try of Construction, started a 3-year joint study and experi -
ment with car manufacturers and el ectronic device manufact u-
rers in order to put this systeminto practical use.

The first field experinents on static navigation were perfor-
med in March 1987 using inductive radio type beacons in con-
junction with a digital map of 350 kn2 including parts of the
Tokyo and Yokohama districts prepared by PWRI. The experi nent
i nvol ved nine different in-car navigation devices devel oped
by private conpanies including Sumtonmo Electric, N ssan M-
tors, NEC Corporation, N ppondenso, Mtushita, M tsubishi,
NEC Hone Electronics, and Yazaki. Navigation device devel op-
ment is being continued by each conpany and PWRI is revising
the digital map for further field experiments early in 1988.
Map matching tests are to be carried out using the inproved
map, and dynam c information on traffic congestion will be
added to the communications beacon transm ssion

5.2.4 JSK

The Associ ation of Electronic Technol ogy for Autonobile Traf-
fic and Driving (JSK) is a non-profit foundation which is
controll ed exclusively by the Mnistry of International Trade
and Industry (MTI). This organization was responsible for

t he devel opment of CACS, the in-vehicle route guidance system
tested during the 1970s as described in Section 2.1.2. (Ref
22). JSK's continuing activities include several tasks:

*

popul ari ze the technol ogical results and experience of
the CACS project to related organi zations and fields

devel op and test protocols for inductive radio conmuni-
cations

* research autonobile traffic and driving in the future
information-oriented society with the goal of inproving
the autonobile traffic system

provi de and appraise future policy options for efficient
aut onobi l e information systens from a technol ogi cal
Vi ewpoi nt
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*

pronote the devel opnent of road-autonobile systens
through joint study groups, semnars, synposia, etc,

Current JSK thinking regarding pronotion of autonobile infor-
matics is to start with buses, trucks and business cars used
by salesmen, etc. To check this possibility, a case study,

i ncludi ng hardware devel opnent, presentations and consulta-
tions with users and entrepreneurs, is planned for a certain
| ocal district.

The nost recent JSK undertaking is an investigation of the
state-of -the-art concerning autonobile navigation and rel ated
R&D t hroughout the world. A mission including representatives
from academ ¢ and industrial organizations is being planned
to visit activity centers in Western Europe and North America
in 1988. Topics to be discussed include ways of pronoting R&D
prograns, strategies for bringing systens into practical use
and the possibility of international cooperation for coordi-
nating hardware and software specifications.

5.3 NORTH AMERI CA

At present there are no national programs per se on vehicle
navigation and information systens in North Anerica in the
same sense that such programs exist in Europe and in Japan.
There are, however, several relevant projects and studies
that have been performed, or sponsored, by government agen-
cies in the United States and Canada during the 198Cs, and
there is one relatively new U.S. initiative that could evol ve
into a national program for autonobile navigation and route
gui dance.

5.3.1 AVL 2000

A research teamin the Department of Surveying Engi neering at
the University of Calgary has a grant from the Natural Scien-
ces and Engi neering Research Council of Canada to devel op and
test a prototype autonotive vehicle |ocation system called
"AVL 2000" (Ref 73). The objective is to help define problens
and identify solutions, primarily with on-road |and applica-
tions.
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The AVL 2000 systemis an in-vehicle real-time system which
utilizes an integrated positioning systemto, first, locate a
nmovi ng vehicle and then have its position superinposed on a
digital route map displayed on a CRT. The first phase of de-
vel opnent was to assenble a prototype from existing hardware.
The hardware consists of a Trinble 4000S GPS satellite recei-
ver and a MACPLUS m cro-conputer with a graphics display al
mounted in a van. The software consists of a control program
map and route data bases, as well as data bases for auxiliary
and col l ected data. A "best route" determ nation schene is
part of the AVL 2000 prototype system Several field tests
were underway with the AVL 2000 systemin 1987.

The second generation of the AVL 2000 systemis conceived as
being an AVL systemwhich will use the |atest advancenent in
bot h hardware and software conponents. As such it will be a

m cro- processor-based AVL system and its software will be
based on heuristic principles instead of being entirely al go-
rithmic. It will also be an intelligent-custom zed AVL system
in which state-of-the-art VLSl design and architecture wll

be used.

5.3.2 IVRG Feasibility Study

In the late 1970s, Sperry Systens Management was awarded a
contract to perform an In-Vehicle Route Quidance (IVRG Fea-
sibility and Design Study for the FHWA, The purpose of the
study was to determ ne whether in-vehicle route guidance can
satisfy a socioeconomc need in a cost-effective manner and,
in the process, to define the design and system depl oynment
characteristics which a cost-effective system would require.

The study report (Ref 18), issued in May 1981, indicated that
the majority of route guidance needs relate to urban areas
and that a significant "excess'* in travelled time and dis-
tance is present. It was concluded that there is significant
i mprovenent potential for IVRG and that cost-effective |IVRG
systems may be inplemented over a fairly wide paranetric
range of urban geographies. To be effective, a system nust
provide "strategic guidance" to plan and control a trip
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rather than just provide a | ocal guidance assist at indivi-
dual points or at a limted series of points.

A spectrum of system designs was synt hesi zed and anal yzed
usi ng both two-way conmunications between the vehicle and
roadsi de and one-way roadside to vehicle comunications with
message selection in the vehicle. The study results favored
an | VRG system whi ch used one-way data transmi ssion to the
vehicle by optical or mcrowave conmunication. Analysis
showed good benefit-to-cost ratios providing that in-vehicle
equi pment cost is sufficiently low The report claimed that

t he vehicl e equi pment cost for appropriate demand generation
appeared to be within a range which was technically feasible.
A nmajor negative factor was the high initial outlay required
for a fairly conplete infrastructure installation before it
coul d becone useful and attractive to nmotorists in a given
urban area.

It was recomrended that a phased program be planned to fur-
ther refine the design, cost, narket assessment and public
acceptance issues. The final objectives of the recomrended
programwas a | arge-scale operational field test for quanti-
tative benefit, public acceptance, technical and market
assessnents.

5.3.3 Route Followi ng Econom c Assessnent

The FHWA subsequently contracted with KLD Associates Inc, to
quantify the extent of excess travel time due to inefficient
hi ghway navi gation for non-commercial vehicles in the United
States in terms of both distance and tinme. The resulting eco-
nom ¢ assessnent found that recoverabl e navigation waste
anounts to 6.4 percent of all distance traveled by non-com
mercial vehicles and 12 percent of all tine spent in such
travel (Ref 74). The annual cost to individuals and to socie-
ty of this excess travel was estimated at $45.7 billion
considering only vehicle operating and acci dent costs and the
value of time. Key results are summarized in Exhibit 34,

It follows that if a significant fraction of vehicles were
outfitted with effective navigation aids, their dimnished
demands on roadway capacity would contribute to inproved
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EXHIBIT 34

NAVIGATIONAL WASTES IN THE UNITED STATES
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traffic conditions as well as great econom c savings. Auto-
nobi | e navigation systems with routing or guidance functions
are even nore effective if current information on traffic
conditions is available for consideration in routing. In a
separate paper, G E King, the Principal Investigator in the
FHM study, estimated that the potential savings fromelim-
nating navigation wastes increases to $73.6 billion annually
if real-time traffic information is available to on-board
route gui dance systens (Ref 75). Traffic flow would al so be
enhanced by route guidance systens that responded dynamically
to current conditions to avoid congested areas, thus contri-
buting to balanced traffic managenent.

5.3.4 HELP Project

The Heavy Vehicle Electronic License Plate (HELP} Systemis
an integrated truck traffic nonitoring system It conbines
automatic vehicle identification (AVI), weight-in-notion
(WM, and automatic vehicle classification (A/C) techno-
logies with a conputerized data communications network (Ref
76) Wth funding assistance fromthe FHWA, a group of wes-
tern states have come together to form the nucleus and the
driving force behind the HELP system devel opment program
These include the states of Texas, New Mexico, Arizona
California, Oregon, Washington and Nevada, as well as Al aska,
lowa and other states and Canadi an provinces.

The overall aimof the HELP Devel opnent Programis to produce
a systemwhich will bring the maxi mum benefits to states and
truckers at |east cost. Wthin this framnework, the detail ed

obj ectives are to:

* fully explore the public and private applications of

HELP, in order that the systemis configured to be of
greatest use to the greatest number

devel op an automatic vehicle identification system spe-
cification which produces the required characteristics
in a HELP system context

devel op performance specifications for the weigh-in-
notion and automatic vehicle classification conponents
of the HELP system
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investigate related technology areas which could be used
to supplement and enhance the HELP system

produce an overall system design which takes account of
user needs, and institutional, technical and economc
constraints

develop a site location strategy which will |ocate HELP
sites for maximum utility and greatest econom c benefit

undertake an operational assessnent of the fully deve-
| oped HELP systemin a realistic nulti-state inplenenta-
tion (the Crescent project)

eval uate the benefits of the fully devel oped HELP system
from operating experience in the Crescent project.

The HELP systemw || give the trucking industry information
needed for fleet managenent and control, business planning
and tax conpliance. It wll give governnent information nee-
ded for facility planning and management: vehicle taxation
size, weight and speed enforcenent: crime detection; and

moni toring hazardous naterials novenents. It will also reduce
admnistrative tine and effort for both states and truckers
at ports of entry and weigh stations.

The HELP System Devel opment Programw || denonstrate the via-
bility of the HELP System concept and will provide a realis-
tic assessnent of both costs and benefits. It involves:

1) devel oping and testing HELP System hardware, software,
and institutional arrangenents; and

2) installing and evaluating the HELP System on a nmjor
truck route running from British Colunmbia to Southern
California, and fromthere to Texas.

5.3.5 WAVM St udy

The Wde Area Vehicle Mnitoring (WM systemis an applica-
tion of satellite navigation and communications technol ogies
that will be capable of operating from coast to coast in
North Anmerica. It will provide vehicle position data and two-
way conmuni cations services between the equi pped trucks and
the trucking conpany's base station and thus provide an im
portant link, which is mssing currently, between the truck-
ing conpanies and their fleets. The systemw || be a powerful
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new tool for the trucking conpanies to optimze asset utili-
zation and inprove vehicle productivity.

Recogni zing the potential of WAVM system technol ogy, Mnistry
of Transportation of Ontario (MO0) initiated a WAVM system
project to pronote the applications by the Ontario trucking
industry (Ref 77). Due to the enthusiastic responses fromthe
industry, a joint denonstration project group consisting of
trucki ng conpanies, high technol ogy service and equi pnent
suppliers, and Mo was planned and organi zed. The purpose of

t he WAVM project group is to denonstrate the WAVM system app-
lications in the truck fleet sector and to pronote this high
t echnol ogy product opportunity to the industry.

The WAVM system uses a m croprocessor-based vehicle sub-sys-
tem (on-board unit) to provide truck position |ocating capa-
bility and truck-to-base-station two-way conmunications capa-
bility. The vehicle subsystemw || consist of a WAVM nobile
data termnal (for control & display) connected with GPS user
equi pment and a nobile satellite communications termnal
Based on the GPS satellite signals, the GPS equi pnent wl|
continuously conpute and update the truck's position and
velocity data, which will be transmtted by the nobile satel-
l'ite communications termnal. At the WAVM base station, a

m cro-conmputer systemw th a communi cati ons device and a
graphi ¢/ al phanumeric display unit would comrunicate with the
trucks in the field through MSAT channels or cellular radio
channels to receive truck identification, position and vel o-
city information and to transmt nessages to direct the
trucks in the field. The truck fleet manager at the base
station woul d have the real-tinme information on the identity
of the trucks, the location of the trucks, where the trucks
are going, and what they are doing (eg: speeding or idling).

The proposed WAVM system woul d al |l ow trucki ng conpanies to
improve their operational efficiency and safety in genera
goods distribution and to keep track of val uabl e or dangerous
cargoes. Know ng exactly the overall operating status of the
truck fleet at any given point in tinme, the truck fleet mana-
ger could select or devise the optinum operating plan or
schedule to naxim ze operation efficiency, safety and profit.
The WAVM systemis expected to become an effective tool for
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the truck fleet operating agencies in inproving their daily
operation control.

5.3.6 NCHRP Project 3-34

I n Novermber 1985, the NCHRP - National Cooperative H ghway
Research Program a unit of the Transportation Research Board
whi ch adm ni sters research projects sponsored by the Anerican
Associ ation of State H ghway and Transportation Oficials in
cooperation with the Federal H ghway Adm nistration - awarded
a contract in the anount of $399 985. to Arthur D Little Inc
to research "The Feasibility of a National Heavy Vehicle M-
nitoring Systenf. The follow ng synopsis is based on the in-
terimreport (Ref 78).

The scope of Heavy Vehicle Mnitoring (HVWM treated in the
study includes the follow ng technol ogies and pertains to
trucks with gross weight greater than 26,000 Ibs:

* weighing in notion (WM
* automatic vehicle classification (AVO)

* automatic vehicle identification (AVI)
* automatic vehicle location (AVL)

*

on-board vehicle managenent systenms (VMD).

The objective of the research was to answer the follow ng

questions:
*

|s there sufficient market to warrant a national HVM
syst enf

* |Is appropriate technol ogy avail abl e?

* \Wat are the legal and institutional ranifications?

* \Wat are the HVM system alternatives?

* \Wat are the inpacts, costs and benefits?
The approach used for the research included interviews with
affected individuals, market surveys of notor carriers and
owner-operators, surveys of state agencies, technical litera-
ture review, and review of statutes and case |aw regarding
legal ram fications. Also included was the generation of al-
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ternative HVM scenari os enconpassing different markets, tech-
nol ogies and |evels of participation

The study concluded that a national HYM systemis technol o-
gically feasible and that there is a viable market for HVM
information. However, the market in highly fragnented with
each submarket having uni que requirenments. Consequently a
single integrated national HYM systemis not institutionally
feasible at this time because there i s no concensus anong
government or notor carriers on the needs for a single sys-
tem

The interimreport recommends that public and private sectors
shoul d encourage devel opnent and application of HVM systens
within specific markets, and pronote standardization to unify
and enlarge the narkets. Extensive market data is included in
the interimreport. An exanple is given by Exhibit 35.

5.3.7 NCHRP Project 3-38(I)

This a-year, $200 000 research project, entitled "Assessment
of Advanced Technol ogies for Relieving U ban Traffic Conges-
tion", was initiated 1 July 1987 with Castle Rock Consultants
as the contractor. The objectives are to:

1) identify and assess the nost prom sing advanced techno-
| ogi es and systens that can inprove urban highway traf-
fic operations by achieving significant increases in ca-
pacity and traffic flow and

2) for the nost promsing of these technol ogi es and sys-
tems, formulate a plan for research, devel opnment, test-
ing and deronstrati on.

The Phase | (9 nonths) task plan calls for attention to be
given to identifying topics such as automated vehicle con-
trol, in-vehicular route guidance, inproved notorist conmuni-
cation, and autonotive vehicle identification that offer sig-
nificant prom se of inproving urban highway traffic opera-
tions. Each identified technology is to be assessed in terns
of potential benefits, costs, institutional issues, public/
private sector roles, funding mechanisns, etc.

Phase Il (15 nmonths) will include detail ed assessments of a
maxi mum of three technol ogi es sel ected on the basis of the
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EXH BIT 35

MOTOR CARRI ER | NDUSTRY MARKET SEGMENTS

SERVICEAREA ROUTE TYPE FIRM TYPE HEAVY TRUCKS
For-hire, Special Commodity, Class 11/111 280,000
For-hire, General Freight, Class 11/111 110,000
VARIABLE ROUTES
615,000 For-hire, Special Commodity, Class 1 110,000
Private, Special Commodity Fleet, Medium/Small 115,000

RATIONAL, REGIONAL,

INTRASTATE OPERATIONS Private, General Freight Fleet, Large 70,000
(beyond two-way radio, MIXED ROUTES
cellular telephone 280,000  For-hire, General Freight, Class 1 210,000
range)
1,110,000
Private, Special Commodity Fleet, Large 50,000
FIXED ROUTES'
215,000 |Private, General Freight Fleet; Medium/Small 165,000
HEAVY TRUCKS
(>26,000 Ibs GWW)
1,919,000 For-hire, General Freight, Class 11/111% 45; 000
VARIABLE ROUTES
117,000  For-hire, Special Commodity, Class 11¥111 72,000
Private, General Freight/Special 485, 000
LOCAL OPERATIONS MIXED ROUTES Commodity Fleet, Medium/Small
(within range of 487,000 For-hire, General Freight, Class 1 2,000
two-way radio,
celluar telephone)
809,000 Private, Special Commodity Fleet, Large 95,000
FIXED ROUTES
205,000 Private, General Freight Fleet, Large 110,000
TOTAL: 1,919,000

e Predominately Fixed Routes, some Variable

Source: Arthur D. Little, Inc. Estimates
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Phase | results. In addition to a nore detailed analysis of
the factors covered in Phase |, Phase Il will exam ne such

i ssues as environnental considerations, social inpacts, deve-
| opnental risks and inplementation risks. The final results
of the project will be a detailed RD&D program plan for each
of the three selected technol ogies, describing the next stage
of research, planning and program devel opnent,

5.3.8 CALTRANS/ FHWA/ I ndustry  Experi ment

Due largely to the catalytic effect of the CALTRANS Conferen-
ce on "Technology Options for H ghway Transportation Opera-
tions", held in Sacramento, California, 28-31 Cctober 1986
(Ref 79). a coalition - including the FHM, CALTRANS and pri -
vate industry - developed a plan for an experiment to eval u-
ate and denonstrate the traffic managenent advantages of pro-
viding real-time traffic information to on-board navigation
systems, This plan is expected to lead to an initial procure-
ment action by the FHWA in |ate 1988 to select a systens in-
tegrator for the denonstration to be carried out in 1989-90.

The two maj or objectives of the experinment are to investigate
the effectiveness of:
* real-time traffic information in conjunction with an in-

vehi cl e navigation systemas an aid in coping wth traf-
fic congestion

the use of "floating" vehicles as a nmeans of obtaining
information on current traffic conditions.

The real-time traffic information will give the driver a
basis for choosing faster noving routes and the navigation
systemw ||l aid the driver in following alternative, hence,
less famliar routes. The "floating" vehicle concept takes
advant age of the tracking ability of the in-vehicle naviga-
tion to acquire tinme and notion data which will be periodi-
cally transmtted to the traffic information center to pro-
vide additional details on traffic flow.

The approach and prelimnary plan for the experinment assume
use of the Etak Navigator", the only autonobile navigation
system al ready available in the U S The Etak systemis based
on dead reckoning augnented by map matching, and the vehic-
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le's location relative to its surroundings is continuously
di spl ayed on a nonochrome CRT map presentation which may be
zooned to different scales as described in Section 2.1.5.

Wi le the Etak system does not provide route guidance per se,
software nodifications would permt the system to superinpose
real-tine traffic data on the nmap display in a manner such
that the driver could take it into account in route planning.
Traffic data collected by various neans will be communi cat ed
to Etak-equipped vehicles via cellular data phone: these wll
al so be used to communi cate recent travel experience of Etak-
equi pped vehicles to the traffic centre for additional infor-
mation on current traffic conditions. Approximtely 25 test
vehicles (provided by G will be used in the experiment. Be-
cause this nunber of test vehicles will not generate statis-
tically significant results, controlled tests will be conduc-
ted. Pairs of vehicles, one equipped and one unequi pped, wll
be simul taneously dispatched to the sane destinations to nea-
sure differences in travel tine and distance.

The present plan is to include the experiment in the already-
fornul ated SMART Corridor Denonstration Project in Los Ange-
les. This project is located along the Santa Mnica Freeway
Corridor between Soto Street east of downtown Los Angel es and
the San Diego Freeway. The freeway flow management system
wll be linked to a new system of street signal nanagenment on
A ynpic, Pico, Venice, Washington and Adans Boul evards.

5.3.9 FHWA Futures Study

The study was originated April 1987 to project demands on the
hi ghway system in the 2000-2020 time frame. N neteen working
groups addressed tasks such as "inpact of telecommunications
and conputers on highway travel" and "advances in instrumen-
tation, vehicle and traffic control technology". The tasks
wi Il be consolidated into four categories: denographics, eco-
nom cs and travel demand / technol ogi cal advancenent / high-
way systens analysis /| federal policy. There is special em
phasis on in-vehicle route guidance and adaptive control

A final report, expected in two years, wll suggest direction
and roles for the FHM; as one official puts it "W're prepa-
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ring for the next H ghway Act." Publication of issue papers
wi Il be an inportant nechanism for dissem nation of findings.

5.3.10 Recent Devel opnents

There are several new initiatives in North Amrerica involving
mobil e information systems which are of interest:

Program for Advanced Technology for the Highway (PATH) - In-
stitute of Transportation Studies (Univ of California) is as-
sisting the California DOT (CALTRANS) in conducting a program
of advanced R&D to reduce congestion. The focus will be on

t hree i ndependent but related technol ogi es: navigation, elec-
trification and automation

Intelligent Vehicle-Highway System (| VHS) - Transportation
Research Institute (Univ of Mchigan), has began a study

whi ch seeks to inprove the efficiency of highway travel by
enhancing the support of driver functions with intelligent
aids. This research - supported by autonobile electronics and
ot her conpani es, Mtor Vehicle Mnufacturers' Association,
Anerican Autonobile Association, Federal H ghway Adm nistra-
tion, National H ghway Traffic Safety Adm nistration and
Transport Canada, covers technol ogies from navigation and
route guidance to the autonmatic highway for the next century,

Texas Advanced Transportation Technology Project (TexATT)
This project, initiated by Texas Transportation Institute
(Texas A&M University) to reduce congestion by the applica-
tion of advanced technology to highway transportation, wll
proceed in three stages (planning->environnental study->tech-
ni cal study) and will be conplementary to ongoing studies in
California and M chigan.

Mobility-2000 - A committee conposed of representatives from
FHWA, NHTSA, California, Mchigan, Mssachusetts, M nnesota,
M/MA and ot hers was established to coordinate the various

| VHS studies underway in the U S.

Advanced Driver Information System (ADIS) - Initiated by FHWA
to develop a national concensus on the functions and configu-
ration of a future in-vehicle driver information systens.

Vehicle Navigation Information Systems Conference (VNI S 89)
The conference covering all aspects of nobile infornmation
systenms technology and application will be held in Toronto
12-14 Septenber 1989. It is sponsored by |EEE Vehicul ar Tech-
nol ogy Society, |EEE Toronto Section, Mnistry of Transporta-
tion of Ontario, and Transport Canada.
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6. STANDARDS & REGULATI ONS

6.1 | NTRODUCTI ON

6.1.1 Areas of Coverage

There are several broad areas for which design guidelines,
recommended practices, defacto or official standards, and
specific regulations will need to be devel oped, before w de
scal e adaptation and use of mobile information systens. The
primary focus will have to be on ensuring safety and reliabi-
lity, which is not an easy task considering the range of ca-
pabilities expected from these in-vehicle devices in the fu-
ture: positioning, navigation, interactive route guidance,

i nformation managenent (nobile office functions), comunica-
tions between the vehicle and other vehicles, roadside, ope-
rations centres, and satellites, and vehicular nonitoring and
control

To ensure safety in use - and conpatibility between in-vehic-
| e systens thensel ves, between the systens and the 'outside

(external comunications) - reconmended practices and stan-
dards will need to cover

*

map data bases

- mappi ng and conpilation specifications for digitized
maps:  scales, coding schemes and file fornats

- transfer techniques and formats for digital nmap data
i nt er change

on-board map database: prinary topological data stora-
ge structures (conbinatorial topology, . ..) but with
flexibility for including [a full/very limted] range
of geographic information system (GS) features

* CD-ROM formatting, eg. using Yell ow Book Mbde 1 + High
Sierra or Geen Book with map data and prograns stored
via Form 1 using Hgh Sierra

map data base access software: handl es (pointers needed

by the underlying software but not by the application)

and the call-and-return interface between the under-
lying and the applications software
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*

applications software (display, navigation, routing, in-
formati on management, etc) - but only to secure basic
consi stency in nmanner by which

function keys or touch screens are laid out, eg:
maxi mum nunber of functions per screen by size

i cons and colours are chosen
- streets are |abelled

some critical features are displayed, eg:
one-way streets, and reversible streets/l|anes
- HOV lanes, ranps and parking

rout es deS|gnated for trucks, hazardous goods,
energency vehicles and snow renova

parking restrictions & |oading/unloading zones, and

- overal |l graphics standard, eg: Programmer's Hierarchi-
cal Interactive Gaphics Standard (PHI GS)

on-board equi pent specifications

- hardware & system software primary characteristics
(note however: in many cases, the details of the
standards will depend on the particular technol ogy
that is chosen for the hardware systemns)
compatibility with vehicle conputers (engine di agnos-
tics, etc): communication protocols & LAN standards

(application, presentation, session, transport, net-
work, data link, physical)

map displays: vector, digitized raster graphics,
mn V|S|b|I|ty in direct sun light,

navi gati onal systems: sensors and processors

- boot procedures (so that systens based on different

processor famlies can each | ook up their object code
and boot fromit)

- ROM based basi c input/output system (BIOS) that inclu-
des all hardware dependent input and output: sensor
input, mass storage access and di splay out put

- renoveabl e mass storage formatting

manner of installation and nounting (& design of the ca-
sing and controls)

- integrity of passenger conpartnent safety

- angl es and distances fromthe driver (coupled with
passenger presence via seat sensor), ie:

when to assune that the device is being used by a
passenger only - therefore allowing nore features
to operate even when vehicle is in notion

- when to automatically suppress features (when in-
mot i on)

*
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* preferred practices (or standards) on all transm ssions
into the vehicles, eg. information overlays transmtted
from
- traffic managenent centres - manner (i.e. tone of

statenent, abbreviations and colours used, etc) in

whi ch:
- congestion levels are displayed and expressed
- advise on preferred routes is given
- incidents are categorized

- access control and user prices are applied and
char ged

- etc

comuni ty broadcast centres, concerning:
- road & weather conditions
- emer gency nessages
- road side services
- comuni ty marketing

- EDI (electronic data interchange) standards: applica-
tion |level syntax rules (EDFACT) for the autonotive
i ndustry (under consideration by EDL Council of Cana-
da's Autonotive Industry Action Goup (AAG)

* all traffic control devices, including |ane markings,
which may be designed to transmt a l|location or control/
rul es nessage (MJTCD and Canadi an Pavenent Marki ng Stan-
dar ds)

communi cati ons - frequency all ocation
- communi cati ons protocols

human factors: man-machine input and output interfaces
bet ween the operator (nost often the driver) and the on-
board equi pnent.

6.1.2 Issues in Standards Devel opnent

The guidelines, recommended practices (RP) and standards in
these areas nust be uniformy applied to all vehicle types.
The debacle of light trucks, vans and mnivans not having to
neet the Federal Mtor Vehicle Safety Standards (FMWSS) -
because they are classified as Miltipurpose Passenger Vehic-
| es (MPVs) - must not be repeated (note that H R 1211, intro-
duced 24Feb87, would change this in the U S.). Both the de-
vices, and the manner in which they can be installed and
used, nust be consistent across vehicle types.

157



Finally, there will need to be standards related to quality
control in the manufacturing and after-market installation of
these devices - particularly, where vehicle nonitoring/con-
trol systens are involved. The number of recent autonotive
recalls, related to serious electronic systenms failures, well
illustrates this requirenment, eg: sudden surges without pres-
sing (or even touching) the accelerator: electrical front
seats suddenly heading backward (in the mddle of driving,

wi thout the controls having been touched); etc.

However, it should also be noted that regulations - or nore
particularly, the sometinmes suffocatingly slow regulatory
processes - can quickly stifle innovation and devel opment at -
tenpts where it can hurt progress nost - at the small entre-
preneur level. It wll probably be desirable to establish
interim guidelines, however inperfect, rather than hold
everybody (and particularly those that got a narketable idea
first) back indefinitely while the "ultimte, perfect, all-
enconpassing' regulations are tediously developed in col ossa
tri-party commttees (all the while giving generous time to
the | ess innovative conpanies to catch up).

An exanple of a somewhat simlar situation is the delay (at

| east two years) expected in Europe with next generation
cordl ess tel ephones - if Tine Division Miultiple Access (TDWA)
standard is to be adhered to, conpared to the existing Fre-
quency Division Miultiple Access (FDVA) standard for which the
technology is essentially ready now.

"The standards-devel oping process is lengthy and arduous. It begins
with identifying a need for a standard, and it ends with its inple-
nentation. In between, there is a long series of neetings, discus-

sions, preparation of drafts, reviews, rewites, and sonetines, re-
petitions of the total process.” (SAE UPdate, 15 April 1988)

A second chal l enge relating to standards is how to publicize
them A recent survey on Qpen Systens Interconnect (OSI) in
U K found that only 25% of |ocal authorities in the country
were aware of the European Commi ssion's directive (Interna-
tional Standards Organization standards, including |SQO COSl,
must be specified in procurenent).

The standards/regul ati ons maki ng governnent bodies need to
know a | ot about what the industry is doing, or about to do
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so that they can nore effectively spend their own research
dollars, and ultinmately recognize when and what rule naking
m ght be appropriate.

The initial focus in this task has been on two areas:
- di scussion on map standards (Section 6.2)
prelimnary guidelines for human factors (Section 6.3).

6.2 MAP STANDARDS

I ncreasing amounts of map data are being digitized, exchan-
ged, stored, retrieved, etc. The basic elenents associated
wth map data (points, l|ines, polygons, grid cells, pixels,
etc.) are being used for geographic analysis and network
analysis as well as map making. Little coordination exists
anong the methods by which vector/raster, cartographic/ina-
gery data are geographically referenced to the surface of the
earth. In addition, little coordination exists in expressing
the parameters and reference systens in use.

The concerns for common data formats and geocodi ng conven-
tions cut across all sub-fields and topics of conputerized
cartography and digital map utilization. Hence, there are
standardi zation efforts underway for the broader aspects of
digital maps as well as for the specific digital maps requi-
red for car navigation and route guidance.

6.2.1 United States

Qperating under the auspices of the American Congress on Sur-
veying and Mapping, the National Commttee for Digital Carto-
graphic Data Standards (NCDCDS) is working to establish broad
standards generally applicable to all digital mapping. The
Nat i onal Commttee was fornmed in 1982 and defined its pri-
mary goal as foll ows:

"To provide a professional forum for all involved Fede-
ral, State, and local public agencies, private industry,
and professional individuals to express their opinions,
assessnents, and proposals concerning digital cartograp-
hic data standards. After sufficient time for the fornu-
lation, circulation, discussion, refornmulation and com
ment, these proposed standards will be submtted to the
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U S. Bureau of Standards to becone national digital car-
tographi ¢ data standards.'

A Steering Conmttee and four Working G oups were organi zed
and have been in full operation since 1982, Several reports,
including an interim proposed standard, have been issued by
the Conmittee:

* Defining the Issues (1983)

*

Exam ning the Aternatives (1984)

*

A Working Bibliography for Digital Cartographic Stan-
dards (1984)

* An Interim Proposed Standard (1985)
* A Report on Evaluation and Enpirical Testing (1986).

The interim proposed standard (Ref 60), which was issued ear-
ly in 1985, was the subject of special public hearings at the
AUTO CARTO 7 Synposiumin conjunction with the Annual Conven-
tion of the American Society of Photogramretry and the Aneri-
can Congress on Surveying & Mapping in Washington, D.C. on
11-14 March 1985. Witten comrents and opinions were also so-
licited.

Draft proposed standards were issued in January 1987. Speci al
hearings on the draft standard were held at the AUTO CARTO 8
Synmposi um schedul ed for 30 March - 2 April 1987 in conjunc-
tion with the American Society of Photogramretry and the Ame-
ri can Congress on Surveying and Mappi ng Annual Convention in
Baltimore, Maryland. After nmelding with the work of the Stan-
dards Working Goup of the Federal Interagency Coordinating
Committee on Digital Cartography, the draft standard was pub-
lished for public review in January 1988 issue of the Aneri-
can Cartographer (a journal of the Anerican Cartographic
Associ ation of the ACSM.

The Society of Autonotive Engineers (SAE) has forned a ' Sub-
comm ttee on Autonotive Navigational Aids' whose objectives
include establishing digital nap standards addressing the
specific additional requirements of autonotive navigation.
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6. 2. 2 Canada

The follow ng presents a point form sunmary on map standards
related activities of agencies at three levels of governnent
- federal, provincial and nunicipal:

Energy, Mnes and Resources Canada (Topographi cal Survey
Division /| Surveys & Mapping Branch /| Earth Science)

*conventional specifications for structuring non-rela-

tional 'spaghetti' data are ready: digital specifica-
tions are comng shortly

Topographi ¢ Mapping Manual of Digital Conpilation Speci-
fications and Instructions published in 1986

* uses ISIF, the Intergraph Standard Interchange Fornat
coding schene and file format (Metro's scheme is also
|SIF, but the feature codes are different, ie. correla-
tion tables are needed between the two)

for digital data exchange, EM subscribes to the Cana-
di an Council of Surveys & Mapping transfer format (from
1976) ; this was designed for transfers using tape (or
CD-ROM etc carry-on nethod), whereas M\Rs MDIF is de-
signed for data exchange via tel ephone lines, satellite,

M nistry of Natural Resources /| Ontario (Surveys, Mpping and
Renpot e Sensing Branch)

*

is developing a teleconmunications oriented interchange
format, called 'Mp and Chart Data Interchange Format'
( MACDI F)

Map Data Interchange Format (MDIF) standards, which are

a subset of MACDIF, have been conpleted (15 June 1987)

- no other (Ontario) mnistry is yet participating in
this devel opnent

MR uses ARC/INFO to generate its data base (sane that

ETAK uses)

- once MDIF is conpleted, there will be an ARC/ I NFOto-
MDI F soft key (as there is one for ETAK)

- there is still a need to devel op
- an ISIF-MDIF interface
- standards summary in a layman's matrix format
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* MIF denonstration is planned for Summer 88:

- to transmt a full map sheet from Toronto to Otawa
via tel ecommunication |ines and reconstruct (with a
m cro-conputer) the map at the other end

- subsequent tests will denonstrate transmssion to a
dummy term nal for automatic display

the federal government (Canadian Hydrographic Service)
is using MDIF document as a base for displaying naritime
charts on sinple display termnals on ships

coments on ISIF
- does not allow transmtting topology, ie. spacial re-
| ationships, therefore a key capability is mssing

Is designed for carry-on transfer, eg. magnetic tape,
CD-ROM etc - while these can also be transferred via
comuni cation lines, their format is not conpact
enough to do it efficiently.,

The Municipality of Metropolitan Toronto (Central Mapping
Agency)
* Digital mapping specifications have been devel oped:
- 1981 original & February 1984 revised
- 1988 updates: file structure sanme, but data + accuracy
of capture different

* CMAL, the permanent feature code, will not yet be inclu-
ded; it will eventually be simlar, via a cross-referen-
ce table, to EMRs feature code

data exchange between systens

- ISIF and Synercom (but ARC/INFO link to ISIF not yet
prepared): not conpatible with MNRs MJF

- MDIF originally deemed necessary (by M\R) for transfer
of precision locations to ships and aircraft at the
shortest possible transmssion time (transfer over
phone lines) - a requirement, that is not a priority
wthin Mtro

- Central Mapping Agency not entirely clear on the in-
tended requirenents and uses of MIF

* Metro's CMA will supply all of Metro to anbul ance, poli-
ce and fire departnents as a geographic digitized refe-
rence system containing: topography + streets + address
range for each postal code bl ock.

The devel opment of standards for (digitized) marine carto-
graphy is also underway in Canada and el sewhere. This is
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likely to have an inpact on some of the standards and data
i nterchange formats being devel oped for the ground side. A

brief sunmary of the federal activities in this area is pre-
sented in Appendix F.

6.2.3 G hers

G oups in Europe and Japan are working toward the establish-
ment of digital map standards for autonotive navigation. The
nost notabl e achi evenent to date is the devel opnent of a
draft standard for a Geographical Data File (GDF) exchange
format by the EUREKA project DEMETER (Ref 22). DEMETER is
outlined in Section 5.1.6.

6.3 HUMAN FACTORS

6.3.1 Introduction

There is a definite need to establish design guidelines, re-
commended practices, and standards, that would be based on
sound research, before the new sophisticated mobile informa-
tion systens are in wide use in autonobiles. Very little re-
liable information is available at the present tinme. Simmonds
(Ref 120) warns that there is a considerable amunt of tech-
nical literature in the area of electronic instrunentation
most of recent origin, but very little is reliable and often
t he recommendations are based on the authors' opinions or on
smal | scal e testing.
An exanple of what this can lead into is revealed by a recent |uxu-
ry vehicle test article: 'The instrument panel is domnated by the
touch screen that nmakes you think a conputer hacker crept into the
interior-design studio. The screen replaces 90 conventional swt-
ches and incorporates most of the confort and convenience controls,

including the climate control system and the radio, and managesto

make them inconvenient to use particularly when driving."
(Dan MCosh, Detroit Editor/Popular Science, April 1988)

The International Standards Organization (1SO has set many
standards which could serve as a basic guideline to the de-
si gner when devel oping a display. Henry Dreyfuss Associates
(Ref 110) have devel oped a system of design guidelines and
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standards known as "Hunmanscale", and these too may be of sone
val ue in the standardization of autonotive features.

At present, it may be necessary to introduce sone "stop gap"
guidelines in order to prevent possibly harnful designs from
bei ng introduced w thout the benefit of having any legitinate
research results avail able.

6.3.2 Prelimnary Design GCuidelines

The follow ng prelimnary suggestions for nobile infornmation
system desi gn gui delines are based upon research (nost of

whi ch has been highlighted in Chapter 3 and Appendix ( and
literature reviews that have been recently perforned:

1) At the present only the speedoneter, odoneter, gas gau-
ge, possibly a tachometer and a |imted nunber of status
and/ or warning |lights (gauges) should be allowed in the
vehicle. This is to say, (for the time being, we should
maintain the status quo. (1

2) If a vehicle manufacturer (or an after-market supplier)
wants to introduce additional displays and controls, he
nmust be able to denonstrate - using acceptabl e human
factors experinmental techniques, representative driver
sanpl es and vehicle operating circunstances - that this
new device is not dangerous in terms of distraction
time spent to operate, frequency of use, l|ateral stan-
dard deviation of the vehicle, etc.(2

3) A manufacturer should be required to denonstrate that
while a driver is using the device, the probability of
the driver laterally exceeding a straight and |evel dri-
ving lane is less than a sel ected percentage val ue based
upon a 3.5 mlane width and a driving speed of X kmh. (2

4) 1t should not be possible for the driver to use either
the controls or the displays of nobile information sys-
tems just prior to entering a curve or on a curved sec-
tions of a roadway due to the increased visual and stee-
ring demands placed upon the driver

1] It is acknowledged that today’s status quo includes a radio; which, however, for road
safety reasons would than have to be exceedingly easy to operate. The same applies to
any climate controls. In both cases, the primary tuning would desirably take place when
the vehicle is stationary.

2] Standardized evaluation criteria, that would provide a common) stringent basis for com-
paring the effects on road safety of new in-vehicle devices and modes of their opera-
tion, are not yet fully developed and agreed upon by the automobile and navigation in-
dustries, academia and the regulators.
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Whenever the vehicle is in notion, the display content

if in use by the driver - should be drastically sinpli-
fied: ie. possibly no map display (instead, sinple turn in-
dicators only), or a skeleton road network at the nost.

No display which requires nore than three eye fixations
of maxi mum 0.6s each, or a total of 1.8s, to obtain al
needed information should be put into a vehicle. (2

Al controls and displays of a nobile information system could be
fully operable for a front seat passenger if he/she is clearly the
sole user, ie. as long as the device is angled correctly (away from
the driver's field of vision), and the passenger's presence is con-
firmed by an in-seat sensor, All MS functions could also be ope-
rabl e whenever the conponents-in-use are |ocated behind the dri-
ver's seat (operated by a rear seat passenger).

5) Only very limted in-vehicle visual information should
be provided to the driver under adverse driving condi -
tions such as night driving, inclement weather condi-
tions and during heavy traffic situations.

However, the passengers ought to be able to operate all controls

and view all visual information (when there is no concurrent use by
the driver)

6) Al controls and displays should appear within 30 deg-
rees of the driver's visual arc since only a limted
amount of information can be obtained by a driver, wth-
out significant head noverment, when information is dis-
played in the periphery of his/her visual field. (3

7) Al systens should be designed to be adjustable such
that they are equally safely usable by all drivers from
a 95th percentile nale to a 5th percentile female.

8) A digital presentation of a numeric value is preferable
when precise values are required.

9) 15 minutes of visual arc is the mninmum subtended angl e
for al phanunerics recommended for use in electronic dis-
plays. Two to three tines larger than m nimum numera
and character heights are preferable.

10) A minimum foreground to background |um nance ratio of
3:1 should be required (7:1 preferred) by all displays
(ANSI Standard for VDTs, 1986) and the |um nance shoul d
be adjustable in the range from 500 to 60 000 |ux. AlSso,
the | um nance variation across nornally used portions of

3] Note that further research in the areas of cognitive capture, elderly drivers, etc is
required to resolve the application of this guideline, particularly es it relates to the
amount of information being displayed end to HUD devices in general. This is true for
many of the guideline elements [see Section 7.2.3 for a recommended research program].
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the display should be limted to a maxi num of 50%
[Ref: Farrell & Booth (1975) and ANSI Standards for VDTs].

11) Al phanuneric nessages should have characters with a
stroke width of 1:8 and a mnimumw dth to height ratio
of 1:1 (1:0.9 is preferable based on ANSI Standards for
\DTs) . The size of a synbol should not vary by nore than
10% regardl ess of its location in the inmage area (ANS
Standard for VDTs).

12) 1S0 Standard 2575 should be followed for the use of co-
lours for status and warning |ights.

13) Displays which use red-green or yellow blue should not
be used so that colour deficient users will not confuse
pertinent information.

14) CRTs are not to be placed nore than 30 degrees outside
the driver visual field in order to avoid problenms cau-
sed by the flicker of the display. Flicker nust be avoi-
ded,

15) Auditory signals which use frequencies below 200 Hz or
above 3000 Hz should not be used so that the highest
percentage of drivers will be able to detect the signal:
for incoming calls, a sound pressure limter with a cut-
off at 90 decibels should be used to prevent the driver
being startled in the mddle of driving.

16) A maximum transm ssion rate of 250 words per minute is
recommended when a speech presentation node of inforna-
tion presentation is selected for use.

17) Auditory messages or signals cannot solely be used to
present vital information since it cannot be assumed
that the driver has full hearing capabilities.

These exanples of (prelimnary) design guidelines are by no
means exhaustive. Extensive research is still required and
foll owup recomended practices and regulations will need to
be developed with regards to the standardization of the:

(see al so p-155-157)

pl acement of the display and control devices
- types of control devices and nethods of control
di fferent display technol ogies.

Until the safety of a device has been sufficiently proven
the use of the device should be restricted,
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7. RESEARCH, DEVELOPMENT AND DEMONSTRA-
TI ON NEEDS

7.1 | NTRODUCTI ON

7.1.1 Focus Beyond Phases | and I

Research, devel opment and denonstration needs in the area of
mobil e information systenms are very broad, as can be seen in

Exhibit 19: Electronic Display Design Guide
(Section 3.4/p.91).

Exhibit 27: Future Mbile Information Systems - A Func-
tional Block Diagram (Section 4.3/p.111)

This study - Mbile Information Systens |npact Study / Phase
| &1 1 - has focused exclusively on determ ning the state-of-
the-art of those in-vehicle devices which can display the ve-
hicle's position (relative to a nap base) within the vehicle
itself, and facilitate/performon-board navigation and route
gui dance.

Systens that 'only' provide automatic nonitoring, at a renote
site (eg. dispatch centre), of the location and performance
of a fleet of vehicles have not been covered by Phase |& | of
the study. Neither have the basic on-board vehicle electronic
systems (for engine, drive line, etc nonitoring and control),
nor recent developnents in radars, driver performance/condi-
tion nonitoring, etc been covered (for a list, see Exhibit

28/ p. 120-121). Phase |& | did also not focus on the state-of-
the-art of a broad range of travel support systens.

These systens, and the manner in which they are incorporated
into the primary vehicle navigation/information unit, wll
have a critical inpact on what the overall system capabili-
ties wll be in the future, how these systens function (in-
ternally) and how they are operated - and, particularly, what
the rate of market penetration will be. It is therefore re-
comrended that a followup study be undertaken as soon as
possible. This is introduced as the priority project anongst
recommended projects presented in Section 7.2.
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7.1.2 O her Research Needs

In order to accelerate the devel opment and manufacturing of
these systens in Canada - and to support the devel opment of
recommended practices and standards (Section 6.1.1) - re-
search, devel opnent and denonstration work will need to un-
dertaken in the follow ng areas:

*

map data bases (permanent vs. updatable)
and related access software

applications software - application specific
i ndi vidual i zed (user specific)

on- board equi pnment specs (fail safe /| fault tol erant)
navi gation/other sensors & actuators
m croprocessors & system software
- data storage devices
- i nput/output devices

manner of installation and nounting
- to secure passenger conpartnment safety
- to position/align for use by: driver vs. passenger

*

desi gn/transm ssion of - information overlays
- data base updates

traffic control devices which can transm t/receive/sense

comuni cations - fault tolerant LAN within the vehicle
- vehicle to/from - other vehicles
- road side systens
operations centres
satellites

human factors.

The devel opment of nobile information systemdisplays and
controls is a conplex man-machine interface (M) design
issue (see Exhibit 19) and requires therefore very delicate
system trade-offs. The nost critical *trade-off' wll be
[safety vs. performance]; and it nust be asked whether we can
afford to trade off any safety at all? In any case, there is
no adequate data avail able yet to make thorough trade-off

anal ysi s possi bl e.

In the Canadian context, some of the above areas could parti-
cularly benefit fromparticipation by federal, provincial and
muni ci pal governnent agencies. Six research areas, some of
whi ch incorporate several of the above primary topics, are
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outlined in the followng (Projects 7.2.2 - 7.2.7). Note that
the human factors area (7.2.3), due to its scope, would need
to be divided into several separate studies/investigations.

The sequence of projects 2-7 does not inply priority.

7.2 RECOMMVENDED R&D PRQOJIECTS

7.2.1 H ghway Vehicle Electronics Project

bjective: to conplete the state-of-the-art review for high-
way vehicle electronic technol ogies not covered under in-ve-
hi cl e navigation and route gui dance systens (focus of Phase
&1 of this project).

Tasks

review and present background / state-of-the-art |/ po-
tential applications /| markets & suppliers |/ government
roles for:

- automatic (renote) fleet nonitoring systems (AVI, AVC
AVL, AVM and for weigh-in-notion systems (WM

- vehicular nonitoring and control systens: vehicle sys-
tens status, data acquisition, vehicle position (vs.
other vehicles & obstacles), driver condition and per-
formance, etc

- travel support systems: on-board and renpte data ba-
ses, systens for mobile office and occupant activities

review human factors considerations for the above high-
way vehicle electronics systens.

7.2.2 Denonstration Project

Cbjective: to gather operational experience with an in-vehic-
| e navigation/ nmobile comunication system in a metropolitan
operating environment.

Tasks

*

select a few conplenentary functions/features (review
Exhibits 27 and 21-26) which would illustrate a market-
abl e package of capabilities: decide whether the system
i's intended for:

passenger or freight vehicles:
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- commercial, business or private use; and

- what features can be quickly provided through an
on-board G S or external (accessible) data bases

- etc

* select a commercially avail abl e aut ononobus navi gati on
system cellular radio, intelligent nodem |ap-top com
puter, fax-machine and/or any other hardware required to
provide the selected functions

identify an urban area, or a section of a nmetropolitan
area, in which:

- a map data base is readily available (requiring mnor
or no work, except conversion to the navigation device
format) [note that the area nust also be suitable for
proper denonstration of the advantages/limtations of
the selected features]

ot her support systens can be readily provided (eg: in-
dependent nonitoring of vehicle's location, traffic
and weather information, tie-in to external data sour-
ces, . ..)

undertake the denonstration

identify a user willing to participate, ie. to instal
the device in his/her vehicle, use it constantly, pro-
vide statistics on before/after perfornance, etc
(design an installation test bed that will closely si-
mul ate likely ultinmate positioning of the conponents)

design system software, and applications software, to
dermonstrate general safety, ease-of-use and effective-
ness of the selected application features

monitor use: nodify applications software as required
to ensure safety & effectiveness in use; docunent re-
sults.

7.2.3 Human Factors Studies

oj ective: to investigate all critical man-machine-interface
Issues related to the design, installation and use of nobile
information systems - so that these devices will not degrade
but enhance the overall safety of the driver-vehicle system

(Ref: Electronic Display Design Guide: Exhibit 19 [ Section 3.4/p.91)
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St udi es/ Tasks

Note that all studies/investigations/tasks outlined bel ow
woul d di stinguish between different user categories - such as
age group, condition of the driver, etc - where this is |ike-

ly to affect the safety-in-use or the general performance of
the nobile information system

*

determ ne the anount of information that nay be (safely)
presented to the driver when his/her vehicle is noving,
dependi ng on:

- whether the driver is in a famliar or unfamliar area
- what the traffic and weather conditions are

- what the road geonetry and surface conditions are

- what the driver's condition is (eg: fromrested/alert/
unhurried to tired/agitated/rushed)

determne the effect that sophisticated nobile inform-
tion system controls and displays have on driver's at-
tention, perception, reaction tine, lateral |ane posi-
tion, speed maintenance and conpliance with traffic con-
trol devices: and

- assess how

- to best parcel/sequence information (ie: into the
required elements of a route instruction, etc)

- long to display each el ement and when (in relation
to deci sion points)

- much redundancy is desirable (in view of the diffe-
ring road network and other know edge of users)

- assess the difference between having numerous in-ve-
hicle devices (for various purposes) vs. conbining all
functional capabilities into one (navigation) master
unit with one set of input/output devices

expand the driver eye scanning data base, to determ ne:

- fixation duration and accommodati on tines both in the
foveal plane and in the periphery

- the anmount of time required to gather location and
other information from such displays as naps, alpha-
nunmeric and representational displays - under both
i deal and adverse conditions

differences caused by different display technol ogies:
CRT, LED, LCD, vacuum fluorescent, HUD, etc

i nvestigate ways of reducing the driver's visual |oad
inside the vehicle, by such nmeans as:

synt hesi zed speech, speech recognition nmode, HUD tech-
nol ogy, etc
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driver warning and assistance devices: gap alerts,
col I'i sion avoi dance systens and in-vehicle radar

simplified illustrations of road corridor or network
data (eg: to display a skeleton road system and/or
expected turns only)

- and what is the mninumdata required to ease find-
ing a desired route or destination (and the incre-
mental benefits from nore extensive information)

software shells for high degree of individualization
and sinplification in use of controls

- making the device installation such that independent
use by passengers (front & rear seat) is made possible

determ ne m ni num desi rabl e graphi cs processi ng speeds
and replenishing rates: evaluate alternative comand
approaches/| anguages, entry nethods, interfaces, etc

- determ ne what is the "best" graphics, the "best"
font, the "best" display node and technol ogy

- determ ne what are the "best" controls and command
sequences

- tailor to the lower tail in driver popul ation: users
do not typically have perfect vision, hearing, nuscu-
lar control, attention span, quickness of mind, etc;
(and their mental state can range fromrested/alert/
unhurried to tired/agitated/rushed)

assess the possibility of devel opi ng nodel s which can be
used to quantitatively predict the inpact of nobile in-
formation systens on driver performance and safety: and

- validate the nodel capabilities in typical driving si-
tuations in the field

- assess how nuch are driver performance and transporta-
tion efficiency/safety actually increased.

devel op standardized evaluation methodology and crite-
ria, that will provide a common, stringent basis for
conmparing the effects on road safety of new in-vehicle
devi ces and nodes of their operation: and

consult with automobile and conmponent manufacturers,
nmobi |l e i nformati on system conponent devel opers, uni-
versity research community and the regulators in order
to seek advice and a consensus on the fundanmentals of
road safety related evaluation of these systens.
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7.2.4 Market Survey

oj ective: undertake a mail/tel ephone survey of associations
and some of their prom nent menbers, representing potentia
users of nobile information systens & undertake personal
interviews of a small group of individual users.

*

refine interview guide (Appendix E) into a self-coding
formthat can be used in a mail-out survey

undertake survey of potential direct, indirect and in-
ternediary users, to:

gauge current know edge, system expectations and futu-
re intentions of individual users

- segnent the market into user communities, with simlar
needs and priorities

-- identify general, unique and m xed applications and
l'ikely priority functions (for 'function keys')

undertake conplenentary segnent analysis

- devel op cross-tabul ations of |atest vehicle registra-
tion and sales data (dividing the vehicle population
into categories that inply probabilities of equipment
installation)

- undertake a brief operational review (trip purpose/
m ssion analysis, . ..) at a dozen likely major fleet
users of the systens

undertake a personal interview survey of drivers/passen-
gers to learn about current techniques of finding the
nost direct/sceni c/non-congested/etc routes to various
destinations (pre-trip and en-route techniques).

7.2.5 Supplier Survey

(oj ective: undertake a numil/tel ephone survey of current and
potential Canadi an suppliers of nobile information systens
hardware and software conponents.

*

refine the list of potential suppliers

*

review the list of respondents and the results of clo-
sely related surveys (avoid needl ess duplication)

devel op a self-coding formthat can be used in a nail-
out survey (design the formalso as a marketing tool to
generate interest, by the target audience, in nobile in-
formati on systens)
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* undertake survey of research facilities and current/po-
tential hardware and software suppliers, to

- learn about current research, devel opment, concept
desi gn, design and production work on nobile infor-
mation systens or closely related technol ogi es

- | earn about current/potential suppliers' future inten-
tions in the sane area

| earn about conpanies' views on who the custoners of
their products/planned products are (determ ne what
the suppliers think the market needs are).

7.2.6 Information Dissem nation Project

(bj ective: inform potential users, suppliers and regulators
of mobile information systens, about the state-of-the-art of
ener gi ng technol ogi es and of possible applications to which
these systens may be adapted.

Tasks

* establish a bi-annual newsletter dedicated to nobile in-
formation systems (guided by a federal/provincial/muni-
cipal editorial board)
and/or wite and assenble snall briefing notes to trans

mt to editors of user & supplier associations'
publications and other news letters

arrange presentations at specialist and non-speciali st
conferences and annual nmeetings: approach universities'
program managers to discuss the energing devel opnents

present highlights of MS technol ogy, including its po-
tential applications, to nmunicipal/provinciall/federal
transportation agencies, traffic nanagers and operators
of emergency services

arrange a major international conference/trade show the
Vehi cl e Navigation and Information Systens Conference
(VWIS 89) has now been schedul ed for 12-14 Septenber
1989; expand the (original scope of the) marketing ef-
fort to include extensive publicity with potential Cana-
di an suppliers.
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7.2.7 National Strategy Project

bjective: to develop a national strategy for advancing re-
search, devel opnent, denonstration, nmanufacturing and appli-
cation of nobile information systens in Canada.

Tasks

* designate coordinator & establish a snall working group
of representatives from agencies with primary interests
in nmobile information and rel ated systens

* review nmulti-national and national programs from Europe
Japan and the United States

overview presentation to steering commttee: establish
primary questions/concerns for followup visits to
program sites

periodic updates: establish a nonitoring project to
keep hands-on current on thenes, specific objectives,
program el ements and denonstration projects

identify opportunities for Canadian participation in
the various R&D&D projects underway in Europe, Japan
and the United States

review results of Canadian projects (as they becone
avai | abl e)

- hi ghway vehicl e el ectronics project
smal | scal e denonstration(s)
human factors investigations
- market (user) and devel oper/supplier surveys
- feedback frominformation dissem nation
other related Canadian projects

devel op stop gap rules and recomended practices

- refine the prelimnary design guidelines devel oped for
nmobi |l e information systems (Section 6.3.2)

- identify additional areas requiring standards; consult
with MS equipnent suppliers, vehicle manufacturers
human factors researchers and regul atory agencies

- coordi nate/ noni tor subsequent devel opment of regul a-
tions at research facilities and governnent agencies

devel op a system configuration and specify primry func-
tional capabilities of an advanced in-vehicle position-
i ng/ navi gati on/ route guidance/information system (which
woul d best advance the safety and efficiency of roadway
transportation in Canada)

175



* identify further R&D&D needs and short term funding re-

quirements to effectively start the exploitation of MS
t echnol ogi es; and

identify potential industry/university/governnent re-
search organi zati ons and groups for undertaki ng the work

devel op and further specify options for a short/medi um
l ong term Canadi an technol ogy strategy, including:
do nothing (ie. no governnent-funded participation
beyond current work)
| ow level monitoring (reviews of published literature)

- perlodlc state-of-the-art reviews
extensive literature reviews

- participation in relevant international conmttees
and TRB/ SAE/etc annual neetings

- visits to denonstration sites

-an industry/university/government collaborative R&D&D
program (i.e. 'Canadian Prometheus')

identify likely economc and other benefits and costs
from follow ng each of the strategies

identify preferred strategy & outline primary work areas
& identify fundi ng needs.

7.3 CONCLUSI ON

Recently there has been a great deal of renewed interest in
in-vehicle systems that would provide a range of positioning,
navi gation, route guidance, vehicle systens/driver nonitor-
ing, nobile infornation management and conmuni cati on capabi -
lities. This has been boosted by devel opments in mcro-elec-
tronics, particularly in data storage and display technol o-
gies - and alnost equally, by the emergence of grid-|ocked
traffic conditions and increased accident rates in mjor net-
ropolitan areas.

Several rudinentary on-board units are already, or are about
to becone commercially available; and nmajor international and
national prograns have been established in Europe and Japan.
The United States is beginning to follow suit at both natio-
nal and state levels through several advanced technol ogy re-
search and denonstration projects.

This is in strict contrast to Canada, where no formal natio-
nal strategy for advancing the research, devel opnent, denon-
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stration, manufacturing and adaptation of nobile information
systenms technol ogy has yet been fornulated. No Canadian de-
signed units exist - and, it seens, none are yet contenpla-
ted, For the Canadian autonotive and el ectronics sectors and
university research facilities, such conplacency, if continu-
ed, Will result in forgoing sonme unique industrial devel op-
ment and marketing opportunities.

There are many unanswered questions which require research
devel opment and denonstration work in the Canadi an context.
it is unclear at this point which technology, if any, wll
come on top: autononous dead-reckoning supplenented with nap
mat ching, or navigation systens based on proximty devices
ground based radio signals or satellites.

Only very limted market surveys have been done, therefore it
I's not known what package of hardware conponents would be the
nost cost-effective and responsive to real user needs. An
equal Iy great challenge will be to identify and devel op app-
l'ications software that makes the w de range of functions,
which are required in order for these systems to be widely
adopted, easy to use.

Increasing transportation safety and efficiency will have to
be the two primary considerations in the devel opnent of nobi -
le information systens. Wile prelimnary design guidelines
for the man-machine interface aspects are presented in this
report, nuch work is yet to be done on the design, instal-

| ation and use of these systenms. The safety related issues
are critical, and Canadian research will be essential for
maki ng sure that these devices will enhance, rather than
degrade, the overall safety of the driver/vehicle system

In the future, nobile information systens will provide - in

addition to positioning, navigation and route gui dance - many
capabilities, the use of which will quickly becone second na-
ture to us - to the extent that we will probably be wondering
how we ever got along without them These devel opments shoul d
happen in an orderly fashion: preferred practises, uniform

design criteria and official standards ought to be devel oped
prior to wide use of these systens. This requires action now.
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APPENDIX B.1 - ETAK NAVIGATOR

The ETAK NAVIGATOR.
Mapping the future of driving.

Point A;

Where we are today,

When the first automobile was built
nearly a hundred years ago, it had a very simple
purpose: to get people from where they were,
Point A, to where they needed to be, Point B-
more quickly, more comfortably, and more
economically.

But somewhere along the road between
Point A and Point B, something happened. Millions
of automobiles quickly filled thousands of miles
of roadway. Traffic congestion became the rule
rather than the exception. And drivmg often
became a frustrating confusion of paper maps,
incomprehensible directions, wasted time and
gas, missed or late appointments.

Point B:
Where we're going.

An incredible new product called the
ETAK NAVIGATOR _ is ahout to map a whole new
course for the driving world, once again making
it simple to get from Point A to Point B.

The NAVIGATOR'takes the form of a
small, smartly designed monitor mounted within
easy view of the driver. Electronic maps, called
ETAKMAPs: are displayed on the screen, contin-
uously showing your vehicle exact position.

Enter a destination.

A few simple button pushes and the
address of your destination is entered into the
NAVIGATOR. Automatically, a blinking star indi-
cates its exact location. With the NAVIGATOR,
finding an efficient route to wherever it is you are
going is simple-just make your way to the
destination star.

View the world around you.

Push a button and you zoom in for a
close-up of your current location, with every
street clearly shown. Or zoom out for a metro-
politan overview, with your location and your

SPECIFICATIONS
POWER CONSUMPTION
12v, 36 watts-operating
12v, 12 watts-standby
DISPLAY
Model 700.7 inch screen (diagonal)
Model 450.4% inch screen
(diagonal)
Vector graphic display
1024H x 770V resolution
Automatic brightness control
Antiglare screen
TAPE DRIVE
57 x23/4” x 3 3/4" 80 ips
ELECTRONICS PACKAGE
1212"x 77 x 4”7
COMPASS
Solid state flux-gate magnetic
sensor
NAVIGATION TECHNIQUE
Dead reckoning, augmented with
map correlation
AVERAGE POSITIONAL ACCURACY
Within 50 feet
MAP SCALE
Variable from 1/4 mile to 10 miles
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destination still displayed. Simply select the
zoom level you want, and youll see a specially
tailored map that clearly shows the information
you need to find your destination easily and
efficiently.

Never get lost.

The NAVIGATOR display always shows
you exactly where you are. Just start your car
and drive away. Now glance at your NAVIGATOR
screen to see your current location and the
location of your destination. Never before has it
been this easy to get from Point A to Point B. And
with the NAVIGATOR, you’ll never get lost again.

New capabilities for the NAVIGATOR.

ETAKMAPs provide the key to the
NAVIGATORS versatility. Prepared by geographic
region, ETAKMAPs store information that makes
the NAVIGATOR function. Periodic revisions will
incorporate newly built roads as well as new
features and functions for the NAVIGATOR. In the
future, specialized ETAKMAPS will show the
locations of roadside services, tourist attractions,
and local businesses. So, the NAVIGATOR you buy
today will provide you with a wide range of
capabilities tomorrow-for the modest price of a
new ETAKMAP.

Simplicity: The ultimate sophistication.
Everything about the NAVIGATOR says
sophistication, from its modern design to its
leading-edge componentry. Yet its gr eatest sophis-
tication is really its simplicity. It3 easy to learn
and easy to use, with a surprisingly low price that
makes it easy to afford. Then, of course, there’
the primary reason the NAVIGATOR was created
in the first place: to make it easy once again to get
from Point A to Point 8.
Find out for yourself just how easy that is.
The ETAK NAVIGATOR.

Ask your dealer for a test drive today.

1455 Adams Drive
Menlo Park, CA 94025



APPENDIX B.2 - NISSAN DELIVERY VAN

DELI VERY NAVI GATI ON SYSTEM - SYSTEM DI AGRAM

TN
LORAN C
ANTENNA < SPECIAL ROUTE SALES VEHICLE =
| Lient pen | }
COLOR CRT
-IN
(9-INCH) —1 seuecror switcues |
LORAN C ON-BOARD
FLOPPY RECEIVER COMPUTER
T =~<_ > |vEmorY DEVICE
(FLOPPY DISK DRIVE]

— O

FUNCTI ONS

* Delivery destination list display

* Delivery sequence display

T Dﬁyiv?ry destination detailed information display (Mp of
ocality).

* Change of delivery sequence

* Vehicle position display

NI SSAN MOTOR (0, LTD
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APPENDIX B.3 - FORD TRIPMONITOR

Touchscreen
M%Eirfo I & Feature
RS-Z&? Controls
Compf Link I l

Std. Bus Based Microcomputer System

80K EPRDM RS-232 Serial Port
16K RAM RS-422 Serial Port
96 1/O Color CRT controller
RS-422
[ I IComm Link
EATC Sensor N§al.el'h!e
g N U > avigation
ystem Information g
ystem
! f ] !
Door Temperature Satellite  Compass
Control  Sensing Antenna

Ford Tripmonitor System
Diagram
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APPENDIX B.4 - MAPIX
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PHILIPS CARIN
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APPENDIX B.6 - TOYOTA SYSTEM
TOYOTA ELECTRO MULTIVISION SYSTEM
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APPENDIX B.7 - YAZAKI SYSTEM
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APPENDIX B.8 - MITSUBISHI SYSTEM

GPS/NAVSTAR

Mitsubishi, jointly with Japan Radio Company, has
developed the first practical automobile navigation
system using satellites. This system automatically
provides the operator a precise fix on a mapped
location.

The highly accurate system is a combination of the

Gilobal Positioning System (GPS) and a vehicle navi-

gation system, which consists of a GPS receiver,
compass, speed sensor, flat patch antenna, control
unit, map generator from CD ROM and color cath-

ode ray tube (CRT) display that shows the car’s posi-

tion on a map.

Positional information from the satellites is combined
with information from compass and speed sensors in
the stand-alone navigation system. Analysis allows
pinpointing the position of a car even in a tunnel or
between high-rise buildings where radio reception
from satellites may be poor or even impossible.

Flat Antenna , d

1
\

~ [l ’,
A

6" CRT
Speedometer

CD ROM Map Storage

GPS Receiver

Specifications

GPS Receiver Frequency: 1575.42 MHZ
+ IMHZ C/Acode
Accuracy: Within 100m
(typically 30m)

Compass Flux Gate

Speed Sensor Pulse from vehicle speedometer
Cpu: 8086 (8 MHZ)

Positioning: GPS + Compass
and Speed Sensor

Display: Location centered

with automatic scroll. Zoom up
and down.

Control Unit

CRT Monitor Size: 6inch
Angle of Deflection: 90°

RGB: 8 colors

Matrix inversion of four varia-
bles; one time and three spatial
coordinates. Comparison with
stored CD ROM map data.

Positional
calcutation

Flat Antenna Incorporated into roof panel.

Applications

Palice, Fire, and Emergency Vehicles
Personal Automobiles

Taxi Fleets

Charter and Inter-state Bus Lines
Trucking Firms

MITSUBISHI ELECTRIC SALES AMERICA, INC.
12623 Newburgh Road, Livonia, Ml 48150
Telephone (313) 591-9144 / Facsimile (313) 397-3097
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APPENDIX C

HUMAN FACTORS CONSIDERATIONS
SELECTED MATERIALS (CHAPTER 3)

APPENDIX C.1

APPEND I X C.2

APPENDIX C.3

APPENDIX C.4

REACTION TIME AS A FUNCTION OF THE
AMOUNT OF INFORMATION TO BE DECIDED
UPON

NOTES ON EYE SCANNING TIMES AND PATH
DEVIATIONS

EYE SCANNING TIMES AS RELATED TO DRI-
VING ATTENTIONAL DEMAND AND DETERMINED
BY VARIOUS AUTHORS

ELECTRONIC DISPLAY DESIGN GUIDE (BY
SIMMONDS/1983)
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APPENDIX C.1

REACTION TIME AS A FUNCTION OF
THE AMOUNT OF INFORMATION 70 BE DECIDED UPON

600

500 b4

-3
a
S
N

300 b4

Reaction Time {msec)

Y]
Q
(=]

w L

tog, n+1)

Source: Ref 103 ([(Card et al, 1983])

Example: For 3 bits of information, the total choice/reaction

time is approximately 0.49 seconds.
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APPENDIX C.2

NOTES ON EYE SCANNING TIMES AND PATH DEVIATI ONS

Ref erence # 128:

The centre of gravity of the x-y eye fixation pattern for a
straight road was found to be 1.2 degrees to the right and
0.3 degrees above the focus of expansion and 4.6 degrees to
the right, -0.6 degrees below the imaginary focus of expan-
sion for a right curve. The study al so conpares the average

* fixation duration times
- 0.44 seconds - straight
- 0.27 seconds - right curve, and

eye travel distances
- 1.3 degrees - straight
- 2.3 degrees - right curve,

and concl udes that curve driving is a nore demandi ng task
than straight driving.

Ref erences # 131 & # 133:

Zwahl en/ Bal asubr amani an were able to devel op a mat hemati cal
nmodel which relates the lateral standard deviation of an au-
tomobile inits lane to the speed of the vehicle and the occ-
| usi on distance of the driver (Ref 131). This nodel was vali -
dated in an experiment by Zwahlen/DeBald in which six drivers
were asked to drive down a straight path while doing one of
three things: |ooking ahead of the vehicle, reading text in-
side the vehicle, or driving with their eyes closed (Ref 133)

They determned that a driver of a 6 foot (1.83 n w de ve-
hicle in a 12 foot (3.66 n wide |ane, travelling at 30 MPH
(48.3 kmh), reading text inside the vehicle for 2, 4 and 6
seconds woul d have probabilities of laterally deviating out
of the lane of 0.05% 1.18 and 8.7% respectively. If the

| ane width were reduced to 10 feet (3 m then these probabi-
lities would increase to: 1.38, 6.3% and 18.1% respectively.
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APPENDIX C.3

EYE SCANNING TIMES AS RELATED TO DRIVING ATTENTIONAL
DEMAND AND DETERMINED BY VARIOUS AUTHORS

AUTHORS

EXPERIMENTAL
CONDITIONS

TIME [s] or
SPEED [mph]

Gramberg -
Dani e ken

[1967]

Time to accommodate
on speedometer from

20m outside vehicle

age<40 0.4 to 0.8
age>60 2.0 to 2.7

Zwah Len Tunnet

Study [1979]

Mean out of view time

Mean speed

Wheeling 0.604
Pittsburgh 0.711
Montreal 0.688

Wheeling 44.4
Pittsburgh 44.1
Montreal 44.3

Zwah Len RRPM
Study [1985]

Mean out of view time
[curves 25 mph &
tangents 55 mph]

Senders, et al.

[1967]

Voluntary occlusion
time [curves 25 mph
& tangents 55 mph]
for a viewing time

of 0.5 seconds

Curves 0.34
Tangents 0.53
Curves 0.32
Tangents 1.97
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APPENDIX C.3 (continued)

EYE SCANNING TIMES AS RELATED TO DRIVING ATTENTIDNAL
DEMAND AND DETERMINED BY VARIOUS AUTHORS

notes

Based on the Gramberg-Danietsen [Ref 107] findings, provi-
sions should be made so that an elderly driver [or a driver
with degraded visual capacity) is not required to frequently
obtain informationinternet to the vehicle.

The mean out-of-view time for a person driving on a tangent
section would be in the range of 0.5 to 2.0 seconds based on
the work of Zwahlen [Ref 125 & 1291 and Senders et al [Ref
119]. Note, that the out-of-view time is the time when the
driver is fixating inside the vehicle or blinking, in both
the studies by Zwahlen, and is the occlusion time in the Sen-
ders study. The mean out-of-view times and mean speeds com-
pare very closely for the three tunnels (Wheeling, Pittsburgh
and Montreall in the study by ZwahLen [1979]. The out-of-view
times are slightly higher in the ZwahLen [1979] Tunnel Study
than in the ZwahLen (1985) RRPM Study [tangent road sections]
but this is probably due to the increased speed of the Later
study.

Senders et al [Ref 119] and Zwahlen [Ref 125: RRPM Study]
compare very closely for the out-of-view or occlusion time on
curved sections of roadway at 25 MPH [Senders et al 0.32s vs.
Zwahlen 0.34s]. This would seem to indicate that curve dri-
ving is in fact more demanding than tangent driving and that
the driver has less spare visual capacity when negotiating a
curve. On the other hand, the two studies by ZwahLen differ
by a large amount from the Senders et al study for the out-
of-view time or occlusion time when driving tangent sections.
This is probably due to the experimental design of Senders et
al [1967] where the subjects were asked to control their occ-
lusion time in a voluntary and conscious manner - therefore
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APPENDIX D

CLASSIFICATION OF
USERS, SUPPLIERS AND REGULATORS
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Cat Grp

00

01
02

03
04

05
06

07

10

12
13
14
15
16

20
21
22
23
24

25
26

27
28

30

32
35
37

CLASSIFICATION OF USERS, PROVIDERS AND REGULATORS

Description

Control Groups: Project Steering Committees
VWIS, etc

Road vehicle }

Off-road vehicle }

Rail vehicle } manufacturers

Rail [other] } of vehicles &

Marine } primary components

Sub-marine }

Aircraft }

Space vehicle }

Conventional route advisory [HAR, ARI, print-outs]
Deed Reckoning [without or with map matching]
Proximity Beacons

Radio [ground] - Loran C etc

Radio [satellite] - GPS etc

New systems

Hardware/software bundlers

Communications - equipment
Communications - services

Electronics [other] - equipment
Electronics [other] - services
Portable trip-recorders, scanners, etc

Base Data suppliers [surveyers, ..]
Map Data consolidators

Software Houses
FMIS Packages [fleet mgt info systems]

Federal Agencies
Provincial Agencies
Municipal Agencies

Mi Li tary
Universities & other research facilities

Freight Carriers - road
Freight Carriers - rail
Freight Carriers - marine
Freight Carriers - air
Freight Consolidators

Tariff Bureaus [etc]

Freight Associations [all modes]

Freight+Pass Organizations [all modes]

Passenger Carriers - road
Passenger Carriers - rail
Passenger Carriers - marine
Passenger Carriers - air

Travel Agencies

Tourist Bureaus [etc]

Passenger Associations [all modes]
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60
65
70

80
81
82

83
84
85

86
87

88
89

90

91
92

93

95

97
98

99

Consultants: mgt / transptn / electronics /7 communictns /...

Individuals
Newsmedia: print / radio /7 TV

Associations

Federal }

Provincial } Mgt & Personnel
Municipal }

Utilities
Schools Boards & Teachers
Libraries & Community Information Centres

Parks & Recreation
Travel Industry

Social Services
Police, Fire and Ambulance

Roads & Traffic & Safety

Automobile Clubs, etc
Vehicle Manufacturing,Sales, Leasing and Maintenance

Resources: Agriculture, Forestry, Mining, .
Conservation & Environment & H|stor|caI/Arch|tecturaI

- reserved [to split 967]
Business Community
News Media

Others

Unc lassi fi ed
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APPENDIX E

INTERVIEW GUIDE
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I NTERVI EW GUI DE

I ntroducti on

*

W are undertaking a state-of-the-art review of Mbile Infor-
mati on Systems, of those rather nodern in-vehicle devices
t hat can provi de:

| ocation, self-contained navigation and interactive route
gui dance (some with map display)

vehicle nonitoring, control and collision avoidance

and event recording (automatic, or keyed-in by the driver)

dat a& ext managenment: retrieval, display and manipul ation
(personnal, LTL cargo, inmediate surroundings, destintn)

mobi | e communi cations: receiving and transmtting of data
(and possibly voice).
The study is joint-funded by MO and TDC TC.

Coul d we perhaps talk a few mnutes about these systens;
primarily, we would be interested to get an idea how they
mght be suited to the needs of your nenbers/industry.

*

*

System Description

*

Are you at all famliar wth these systems (diagram on-hand)

- is it sonmething that your association or your menbers may
have | ooked into recently ?

Perhaps | could give you a description of the range of capa-
bilities these systens are expected to have in the future
(refer to I-2 groups/p2, depending on respondent category):

Required Features

*

How wi dely are these units in use already in your industry
(throughout or specific types of carriers/operations/vehicle
types) - ie. as share of total nunber of power units ?

H=34 M=1/2 L=14 F =very few Z = none

and what functions are your menbers' current units perform ng
during typical mssions ('current’ colum on p.3) ?
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RANGE OF CAPABILITIES

*

IN-VEHICLE NAVIGATION/INFORMATION SYSTEMS *

TRAVEL ADVISORY

road map

traffic rules

route guidance
emergency response
public service messages

roadside/community services

TRAFFIC MANAGEMENT
street level control
area wide traffic cntrl
freeway traffic mgt
vehicle access
enforcement

traffic data collection

VEHICULAR CONTROL
vehicle monitoring
vehicle control
event recording

robotic steering

Comments:

FLEET MANAGEMENT
position tracking - vehicle
- shipment
route modifications [P&D]
security - vehicle
- cargo

- occupant

MOBILE OFFICE

word processing & computing

communications

freight management

data base mgt - genrl reference
- en-route active

home base control

OCCUPANT ACTIVITIES
environmental data
education & training
personal references
entertainment

external communications



FUNCTIONS PERFORMED

* IN-VEHICLE NAVIGATION/INFORMATION SYSTEMS ®

installations
functions performed current future

(overfabove current options from veh manufacturers] [HMLF
record veh use statistics {km, fuel, hrs, ...]

record en—-route events [replace manual Llog]

record/display engine diagnostics (tach+)
& display trouble shooting instructions

assist in driving functions (beyond tachographl
[eg. rear view on CRT, coll avoidance radar,..].

position vehicle on driver's map
position vehicle on dispatch map

position individual LTL shipments on dispatch map

redirect P& during run - dispatch —> truck [one way]
— fully inter—-active

route guidance — veh position on map display only

(genrl & d.g.) — turn instructions to reach destn

— turn instrns to avoid congestion
access control {automatic tolls, zone entry control)
traffic rules {turn restrictions, parking, loading, ...)

on—board data management and display

- base inventory ROM (permits, d.g. instructions, ...]
- en—route active collection (manual & automtc entry]
- reception of external data (&voice) batches

word processing & computing (& invoice printout, ...)

communications — receiving only
- transmitting only
- both, as: simplex or duplex
- vehicle <-> base
~ vehicle <-> company's other vehicles
- vehicle <-> almost anywhere

security - vehicle
- cargo
= occupant

yellow pages - operations specific (garages, ...)
- general

education & training

entertainment

XTI~ X1 x~RIXY) XANX RN XS T rrX Xx+®

personal references & memory pad

|
Bt A ool T o N 8 L A e BN L A B A e
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What have your members' experiences been with the current de-
vices ?

- overall inpression . . o . ..o . - - -
- specific +s and -s - ... ... -

What are the systems nost used for:
- as a planning tool (inprove P& path, schedules, . ..)
nmoni tor enpl oyee perfornmance (schedul e& ask adherance, ..)
to facilitate: JIT/ nobile EDI | FMS | .
custonmer relations: service predictability, early warning
of del ayed delivery, shpmt position,
- other: _ _ _ _ - _ o o L L L Lo Lol - - -

As things stand now, when do you see these systens being:
experimented with

- installed by your major operators

- installed industry w de?

In the future (say in 5 years), what functions are likely to
stand out as inportant ?
Codes (p.3): H = nusts M= wants L = why-nots Z = no use

What characteristics, do you feel, wll be inportant in
mar keting these devices in the future (rate HML/Z):

characteristics characteristics
* functionality i * communi cations capablty _
simplicity (to learn) _ - sinplex vs dupl ex
- ease in day-to-day use _ - nmessage retention _

- channel capacity [for
si mul t aneous users)

*

* menory size for: _ "1 ooks' _
basi ¢ ROM pack - design
en-route accunul ated _ - techni cal -
- electronic mail (in) -
* input interface Q * output interface _
keyboard/touchscr/.. _ - message line
mouse/ wand/ . . - CRT screen -
- voi ce - - buzer -
electronic i.d. card - Voice -
- - printer -
* pr|ce {=life cycle cost) Q * ot her
purchase of wunit - accuracy
instaltn & reinstltn — - reliability -
personnel training _ portability -

- annual c&f & insurance o -
- annual signal fee -
- annual nai ntenance

- outside data updates _
- up-keep of own data
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Required Performance

*

*

Specific performance standard required, to be suitable for your
typi cal nember's application in day-to-day use:
position accuracy (by service) Inter- P& +
city courr
- within a few nmetres + on correct street -
(and block) within city T
_within a block either way (correct street,
or one up/down) (ie. inside 4-6 blocks) o o
- within 1 km o L
- ot her: o
operational, in-use availability (by main feature)
- equi pnent reliability [MBF (MBF+MIR) nean
failure + time to repairé& each repair Inter- P&D +
ctr for in-vehé&dispatch unitsl city courr

- max 1 hour off per nonth
- max 1/2-1 day off per nonth __
not critical (occasional 2-3 days off)

- position signal continuity [in the face of
ext interferance (system otherw se working)]:
no disruptions (cont. positioning)
- ok to black out periodically 3-5 mn
- not critical (occasional 10-20m n ok)

- continuity of data&voice transmi ssion [indi-
cate if diffrnt for incomng vs. outgoing]
no disruptions (cont. transmtion)
- ok to black out periodically 3-5 mn __
- not critical (occasional 10-20m n ok) —

envi ronnental robust ness, against:

- vibration & shock

- dust & grease

- coffee spills

- relative humdity

- tenperature variations & max/mn

- current level swings (battery&altrntr)

- RF environnent
pass conpartment noise (reducing audibility
at rear & preventing control by “voice)

portability

- within vehicle: fixed vs. renovable from housing
- data pack (floppy disk, CO-ROM . ..)
- short distance peeper: fromto vehicle
- wand or mc (for reading in&out pallets)
- full lap unit: keyboard, crt, mcroprcssr, nouse
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- useability once renoved: ie. which features retained
with internal powerpack and/or external connection
(eg. data nmgt, word proc, |ocation signal, route gui-
dance, data/voice transm ssion/reception, ....)
- at another position within same vehicle -
- en-route (wal king, another car, GoTrain, boat, plane)-

- inside honme, office, hotel _
(compatibility: juice, LAN connections) -

- carriability (weight & casing's convenience in hand)
- short nove (car-to-office or car-to-GoTrain)
- long trek (exploration, forestry)

agreeable price for each in-vehicle unit, of the type that
you require (circle for two systemoptions: bare & del ux}:

bare bones (lifeline functions: ... . . . ._.._.._.. )
- del ux (+goodies: . . . . . . - - - - -

for reference:
- into how many vehicles in typical full inplementation
- what does each vehicle cost: type 1 =

type 2 =

note: plain GPS vehicle units have cost $4000- $6000; plain
ETAKs $1500 (both requiring another 20-50000)

a. 10000+ (6000-15000) d. 700+ (500-900)

b. 4000+ (3000-5000) e. 300+ (200-400)

C. 1500+ (1000- 2000)

m ni mum warranty period (parts & |abour)

max annual up-keep cost:

- annual collision/fire/theft insurance
- system access cost (location sgnl + data/voice signal)
- regul ar mai ntenance on the vehicle unit

- periodic data pack up-dates (probably one/year)

- new release of user software (probably one/2 years)

- up-keep of own data (incl training of new enpl oyees),

Barriers

*

What are primary barriers (if any) to w de scal e inplenmenta-
tion within your industry ?

- such systens are not really needed

- functions currently offered - not quite yet
do not neet requirenments - not even cl ose

- lack of human factors consideration
hardware: not secureabl e against theft,
too many separate conponents.
ergonom cs (rips fingers),
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*

- software: tedious to use,
not i ndividualized,

other: _ _ . _ _
- general: | ack of safety in use (when in notion)
managenent rigidity ("30-year nmen" don't change easy)
unions - general threat to privacy

- tinme keeping & devt of work perf standards

true life-cycle cost (counting everything)

Can you think of sone ways of aneliorating these barriers

(whether real or perceived) ?

Future Needs

W

yearly, readily available (subscriptions, .) and contains
equi pnment illustrations, specs, layman's sunmaries
list prices (for 1, 10, 100 unit purchases) T
suppl i er - hardware |/ software _ T
names - data: ready nmade/one-of-the-kind _
t opi cal discussions on - strengths & weaknesses
[icencing & regulation _
etc: _ _ _ _ _ _ _ —
other: _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - _ o
Nane
Title
Associ ation
Street
Gty, Province
Country Zi pCode
Tel: (...) . ..-....
Current menbership: corporate =
i ndi vi dual =
Request : brochure /| nenbership list (by category) |/

at are your nenbers' imediate needs in this nobile infor-
mati on systens/navigation field; what would be hel pful

conference of users (direct & indirect), suppliers and

regul ators ?

state-of-the-art summary panphlet, which is updated tw ce

paper sunmmarizing association's related work
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APPENDIX F

STANDARDS FOR MARINE CARTOGRAPHY

*SELECTED NOTES ON ACTIVITIES *
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STANDARDS FOR MARI NE CARTOGRAPHY

SELECTED NOTES ON ACTI VI TI ES

The Canadi an Hydrographi c Servicel/ Departnent of Fisheries and
Cceans is involved with several organizations devel oping
standards for marine cartography which will have a bearing on
the landside as well:

North Sea Hydrographic Organization ( NSHO)

pl anning a series of short termtrials called "North Sea
El ectronic Test Bed' (Fall 88):

- manufacturers will provide electronic chart systens/
prototypes and data in standard format

- on-board installation will include: mcro-conputer &
antenna & interface to GPS and Loran-C & gyro-conpass
& may be radar

- trials will be held in various harbours in Norway to
denonstrate that the system works (approach simlar to
earlier Canadian trials in Halifax by Fredericton com
pany, Universal Systens Ltd)

- updating aspect will be tested via floppy di sk which
wi |l provide an over-ride for the display (this wll
not yet be electronically transmtted from shore)

NSHO s earlier preference, CEDD format, has been dropped
fromthe trials (required nodifications would have been
too tedious)

Canada is planning to participate in the denonstration

| nt ernati onal Hydr ographic Organi zation (IHO

*

m ssion: coordinate and standardize activities in hydro-
graphy and sea navigation (chart/hydrographic standards)

- International Hydrographic Bureau |ocated in Mmnaqua

Conmittee for Exchange of Digital Data (IHO CEDD)

- proposal from 2 years ago for standards, called "CEDD
Format", appears likely to die:

- not that good (was the only one around, so it got
adopt ed)
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s no secretariat |ooking after and updating
n

| nternati onal Marine Organization (1M

*

dictates the laws, rules and formats (radio frequency
spectruns, etc) that countries agree to follow

*

| ocated in Europe (nmost meetings in London) & works with
| HO

Radio Technical Conmm ssion for Mritine Services
* RTCM which is related to IM) is located in the US,

* mssion: electronic charting design and specification
& | MERSAT (satellite services for the marine sector)

Nati onal Ocean Service ( NGs)
U S. equival ent to Canadi an Hydrographic Service

Applications at Sea (general comments):

*

the sea world is quite different (organizationally, po-
litically and practically) fromthe |and side, eg:

- when the weather is perfect, systens are not needed

- when the weather is hostile and the equipnment is fail-
ing one can not 'stop and stay overnight at a waveside
not el
-> the result: both philosophy and approach are quite

different, even though technology is shared

| and based systens usually apply within one country,
whereas sea world is international (except for coastal
fishing and recreational boating)

note: Pronetheus, and the whole Eureka platform are in-
ternationa

* the shear nunber of applications of mapping and navi ga-
tion technologies on the land side will drive down the
cost, thereby making them available to the sea world
nore wdely

traditional conventions are hard to get away from even
where el ectronics woul d nmake things nore efficient, ie.
there is'a tendency to copy past manual s and paper chart
t echni ques
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*

there are many hurdles yet to overcome, which will take
years to evolve, eg:

- MACDIF, when it finally is fully operational for
charts, is only a channel between data bases - but the
existing data bases are quite different and sone of
them rather 'cock-eyed' (ie. MACDIF focus is at the
digitizing end, whereas the fundamentals of electronic
charts are still evolving)

- MACDIF is not yet quite fully devel oped, to make it
possi ble to request detailed comrent from European
counterparts: however, workshops are planned for
Canada, Holland and U.S.

The Mappi ng and Charting Establishnent/Departnent of National
Defence is involved in the devel opnent of cartography and
navi gation standards for the ground, sea and air sectors in-
ternally as well as through its activities wthin NATO

DEFENCE MAPPI NG AGENCY (Canada)

*

product specifications for digitized raster graphics

(DRG - 2nd draft by DMA Systems Center of St.Louis,
M ssouri (15 Dec 87) - contains:

- introduction / analog-to-digital conversion |/ product
format (DRG file description & format specs) /[ distri-
bution media (nmagnetic tape & WORM

product specifications for ARC digitized raster graphics
(ADRG - 2nd draft by DVA (15 Dec 87)

- ARC = DRGimage is transferred to a universal frane of
reference, the Equal Arc-Second Raster Chart/Mp pro-

jection system so that each pixel represents a geo-
graphic entity of latitude and |ongitude

di gital geographic infornation exchange standards -
final draft by geographic information working group
(DAWE (Cct 87) - contains:

scope & purpose & field of application and general
concept

- specifications: media, header record, data exchange
structures, feature/attribute coding, data quality

- exchange format inplementation rules: files & sections

& records, deliniters & synbols, special synbols, att-
ribute & relation coding, topological exchange format.
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NATO

* Mlitary Agency for Standardization (MAS) is considering
separate standardization agreenents for air, |and, and
wat er :

- Interservice Geographic Wrking Goup is focusing on:

- any standardization agreenent that deals with geo-
graphi ¢ data organizalion rou?s & sub-groups),
quality, specifications and features

* Digital Geographic Information Wrking Goup (DG W3

- mssion: fornulate a standard (prior to the massive
hi erarchy of NATO) in the hopes of introducing it suc-
cessfully to NATO itself

CERCO = (abbreviation of french name for a European
standardi zation effort)

* conment: so nany people, so many committees that the
process may go on forever -> MACDIF, based on 1S0O commu-
nication standards, may or may not be able to penetrate
all the way through that bureaucratic naze

Ot her s

Nat i onal Advisory Council on Canadian Surveyors on Mapping

( NACCSM

MSAT Program / Industry and Economi c Devel opnent |/ Gover nnment
Tel ecommuni cati ons Agency |/ Departnment of Conmunications

MSAC Adm nistration /| Board on Earth Sciences / Conm ssion on
Physi cal Sciences, Mthenmatics and Resources /| National Aca-
denmy of Sciences

Commttee Advisory to the US. GCeol ogical Survey on Mapping
Science - refer to SAE Navigation Sub-Conmittee/ Cctober 1987
mnutes (letter from consultant)

Research & Devel opnent One /| U K. Ordnance Survey: devel opi ng
a national transfer format - refer to article by AB. Snmth

International Electrotechnical Conm ssion (IAQC
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Additional information not contained in these appendices is available on request to The Editor.
This information includes:

Ontario Communications Handbook-Table of Contents

Contact List-Description of Header Record

List of Associations-Representatives of Potential User Communities

Ontario Trucking Industry Survey for WAVM Applications

a  w DN

List of Canadian Companies-With R&D Capabilities Related to Maobile Information
Systems



